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THE PIGMY RABBIT (SYLVILAGUS IDAHOENSIS) IN MONO 
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The following morning one trap contained a dead “peppery-colored,”’ dusky- 
tailed, juvenile Sylvilagus which Mr. Bell identified as being what he termed a 
“brush rabbit.” It was a female (J. H.S. orig. #991) and weighed 208.0 grams. 

Between August 5 and 9, 1948, I again worked the Bodie area. This time I 
set out, in suitable runways, nine wire-mesh live traps of a design perfected by 
Ward C. Russell. In addition eight steel traps were set. I saw a “brush rabbit”’ 
while placing these traps. On the morning of the 6th I caught a juvenile rabbit of 
the desired kind (9 1005 J. H.S., weight 196.3 grams) in one of the live traps. 
The following morning another juvenile (co 1006 J. H.S., weight 266.5 grams) 
was caught alive. Finally, on August 9 an adult (o71015 J. H.S., weight 427.9 
grams) was captured alive. None has been taken since this date. 

All three rabbits were held captive for a few days and each was photographed. 
Female 1005 was found dead at 7 a. M. on August 8, death resulting from multiple 
lacerations on the body inflicted by her cell mate, co 1006, who died late the same 
evening apparently from multiple inflammation and hemorrhage of the subcu- 
taneous tissues of the nose and face. These injuries apparently were received while 
in the trap. Male 1015 was transported alive to Berkeley on the night of August 
9. Inspection of his cage at 1:30 a. m., on August 10, showed him to have broken 
his right hind leg by entwining it with a mat of his excelsior bedding. He was 
killed at MVZ on August 11 and prepared as a specimen. This male was definitely 
adult. His testes each measured 15 mm. in length, were gray in color, and very 
flat and flabby. Thus, they appeared to be characteristic of retrogressing adult 
male testes following the breeding season. 

The above four rabbit specimens were catalogued as numbers 109446, 109447, 
109448, and 109449, respectively, in the collections of the Museum of Vertebrate 
Zoology. The cleaned skulls showed the characters of the pigmy rabbit (Sylvilagus 
idahoensis). Their pelages were all predominantly ‘‘peppery”’ in color with a tinge 
of tawny on the nape and over the dorsum of the adult male. Their tails were 
all dusky in color 

Positive identification of these specimens led to speculation as to whether or 
not an unidentified 91 .0-gram baby female Sylvilagus (skull only, MVZ # 105674) 
caught by the writer (orig. * 704 ) in a mouse trap at Bodie on July 22, 1946, 
during a MVZ field trip, might also prove to be of this species. Comparisons 
showed that it too was a pigmy rabbit. Thus, this latter date must be accepted 
as the first record of this species for Mono County, California. It also brings to 
five the number of specimens of this species from the new locality now in 
the MVZ collections. 

Bodie, a ghost town of gold mining fame, has an elevation of 8374 feet. It is 
five miles west of the California~Nevada state line, and 14 miles east-south-east 
of Bridgeport, Mono County, California. Ecologically, the area is Upper Sonoran 
and is characterized as being a desert-sage brush association. At present there 
are no trees in proximity to the town. Sage brush (Artemisia tridentata) is the 
dominant vegetative type with rabbit brush (Chrysothamnus) a close second. 
Several species of the latter are represented there, namely: two forms of C. nau- 


seosus and th 


e spiral-leaved rabbit brush (C. viscidiflorus). The short-leaved 








Feb., 1950 SEVERAID—PIGMY RABBIT 3 


rabbit brush (T'etradymia canescens) is also found at Bodie. Other characteristic 
plants in the area are bitterbrush (Purshia tridentata) and buckwheat (Eriogonum 
umbellatum var. stellatum). The area is somewhat isolated from the Sierra Ne- 
vada Mountains by the Sweetwater Mountain Range and the Walker River 
Valley lying between. It is Bodie’s position east of the Sierra Nevada which 


accounts for its aridity despite its high elevation. 

Pigmy rabbits have been known at Bodie for more than a half century. Mr. 
Lester Bell, father of Robert Bell, told me on August 7, 1948, that “‘brush rab- 
bits’? have been present around Bodie at least as far back as his own boyhood, 
which he said was at least fifty years ago. During all this time the residents of 
3odie took this rabbit for granted, little realizing that mammalogists did not 
know of its existence there. 

The residents of Bodie refer to this lagomo1 ph by the common name of ‘‘hrush 


rabbit,’’ an appellation which this writer does not wish to perpetuate since that 
name should belong ex lusively to the spt ies S. bachmani of ce ntral and coastal 


California, Oregon, and Lower California. Their name for it is understandable, 





considering the fact that this rabbit is found only in the tallest and densest of 

the A rfem wa) and C} rusothamn is ass -] Lt1ONS I the Bodie area It lives in un- 

derground burrows, utilizes extensive and intricate, heavily used runways almost 
; 


exclusively, and is seldom seen by anyone not definitely looking for it. These 


rabbits stay constantly under a brush canopy and will not run if one walks 


through their domain. Unlike other rabbits which, when flushed, may run for 
long distances and give a hunter a chance for a shot, these elusive rabbits simply 
keep ahead of the observer by slowly and quietly moving through their familiar 
‘highways.’’ Certainly their runways make passage for them far easier than an 

ugh such dense brush. If they should choose to ‘‘freeze,”’ 


or enter their burrows, they would still be rarely detected. Hither habit accounts 


for the rare glimpses man has of them and explains ir rt at least why they are 
SO easily overlooked bv colle tors. 
Apparently the Bodie specimens represent estward extension of range by 


the Nye County, Nevada, population of S. idahoensis. Hall (1946, p. 615) shows 
the range of the species in Nevad: extend as far west as Bell’s Ranch on the 
Reese River (Lat. 38°-56’N; Long. 117°-29’W) in Nye County. The distance 


from here to Bodie is only about 90 airline miles 


It now appears probable that the range of the pigmy rabbit in California is 
more extensive than the known records indicate. There is an abundance of high 
sage brush desert east of the Sierra Nevada similar in character to that at Bodie 


und in the Great Basin region which is not known to harbor pigmy rabbits. It 


is recommended that any mammalogist working in this area pay particular at- 
tention for signs of this leporid. Likewise if, as supposed, the Bodie specimens 


represent a weé stward extension of the Nye County, Nevada, population, then 
surely there must be unknown local populations of this species in both Mineral 
1 Esmeralda counties in Nevada 


This additional leporine species makes Bodie almost uniquely rich in its 





lagomorph fauna. I have now collected five species of this mammalian order 
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Neck shots commonly cause a considerable amount of blood loss, and we did not 


A 


bleed the animals further before dressing. Three deer were weighed on a beam 


scale in the field; the others were brought in to the headquarters building and 


weighed on a platform scale, to the nearest half pound, as follows: 
Whole weight.—This is essentially live weight, less blood loss from the wound. 
Visceral weights —In most cases we weighed the abdominal and thoracic vis- 


cera together, since it was hog-dressed weight that we were primarily concerned 
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with. Visceral weight includes the blood which appears during dressing, occa- 
sionally as much as two or three pounds in large animals, and the contents of 
the paunch, intestines, etc. It does not include ovaries and uterus, which we re- 
moved first to be preserved for another study. In some cases we divided the vis- 
cera into two parts—the heart, liver, and lungs as one lot, and the remaining 
viscera and blood in another—and weighed each lot separately. In 1941-42 we 
weighed the viscera and feet together of 44 animals; later we weighed 35 sets 
of feet so as to be able to arrive at the visceral weights alone o! the earlier ani 
mals. The error so introduced is negligible, for two reasons: (a) In the course of 
dressing out over 400 deer from this herd, Camburn had long ago developed a 
standard place at which he cut off the feet; and (b) the maximum range of vari 
ation among the sets of feet which we weighed was only + 0.5 pound (average 
weight, 2.0) for fawns and + 1.0 pound (average, 5.0) for the largest deer. 

Hog-dressed weight-—To avoid delay in the dressing-out procedure, we cal 
culated hog-dressed weight by subtracting what we removed (visceral weight 
from whole weight, instead of weighing the carcass again. In the case of females 
the calculated hog-dressed weight is thus somewhat greater than the actual, 
since the weight of ovaries and uterus was not subtracted. We have therefor 
discarded all pregnant does between late January and fawning time. For the 
rest, ovaries and uterus together weighed only a few ounces and can be disre 
garded. 

We made these additional measurements on a few animals, to see how mucl 
more weight is lost in further dressing: 

Head, hide, and feet, as removed in dressing.—The neck was cut off below the 
wound, leaving the rest of it attached to the head. Som« times this was most 
of the neck, sometimes very little of it. The feet were uniformly sawed off bi 
tween a half inch and an inch below the metapodial joint 

Fully dressed weight—The whole carcasses were sawed lengthwise throug! 
the vertebral column, given a final trimming and cleaning, and weighed again 

We are indebted to Professor C. C. Craig of the Statistical Research Labora 
tory, University of Michigan, for advice and help with the statistical treatment 
of the data. All of the equations having to do with hog-dressed and fully dressed 
weights were calculated in that Laboratory. We are grateful to Mr. Warren 
Barton for help in hunting and dressing deer during the first three years 


HOG-DRESSED WEIGHT 


We have data on 131 deer, taken in the following years: 1941-42, 23 males, 23 
females; 1942-43, 20 males, 20 females; 1943-44, 5 males, 10 females; 1946-47, 
3 males; 1947-48, 13 males, 14 females. Most of them were killed in early win- 
ter: 52 males and 57 females in December and January; one male each in Febru- 
ary, March, and April; one male and two females (fawns) in May; three of each 
sex in July-August; and five of each in November. One year—1941-42—among 
the five was an outstanding “acorn year” by comparison with the others, and 
that year the deer were conspicuously fatter than usual for this herd. 

Figure 1 (A, 64c’o’; B, 679 9) shows hog-dressed weight plotted against 


whole weight. For each sex there is obviously a direct and constant relationship 
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between these two weights. However, in the case of both bucks and does the 
data points fall into two overlapping bands, one for the animals killed in 1941- 
42 (triangles) and the other (dots) for the animals killed in later years. Regres- 
sion lines have been fitted to both sets of data for each sex, according to the 
method of least squares. 

To express these data in percentages has two disadvantages: different weight 
classes dress out at somewhat different percentages, which obscures the con- 
stant relationship; and because the percentage varies in this manner, one can- 
not strike a single average which will apply equally to all weight classes. For 
example, on the line for 1942-1948 bucks the two points x = 60, y = 40.49 and 
x = 220, y = 165.77 are both described by the single regression equation, but 
in terms of percentages one is 67.5 per cent of whole weight, while the other 
is 75.4 per cent 

The four equations are: 


1941-42 
93 A 0.04 782 3.10 lbs 
2392 9:y 3.24 8127, ¢ 3.55 lbs 
1942-43 through 1947-48 
1idd:y 6.49 783 1 23 lbs 
14 7 Y 9.12 + .782z, o, 3.66 lbs 
whole weight, hog-dressed weight 


Statistically, the four regression coefficients (hence, the slopes of the lines) 
do not differ significantly one from another. The difference in the relative posi- 


tions of the two pairs of lines is due to the fact that in the good acorn year, 
1941-42, the hog-dressed weight of both bucks and does was greater, on the 
average, than it was in deer of the same initial weight taken during the last four 
years. This means that per pound of initial weight, the hog-dressed carcasses 


were heavier in 1941-42 than in the later years. But, since whole weight is com- 
posed of hog-dressed carcass plus viscera, it also means that there was a greater 
weight of viscera, per pound of initial whole weight, in the later years than in 
1941-42. What appears to be an advantage in hog-dressed weight in 1941-42 
‘ould possibly mean only that there was less food in the paunch that year. We 
are confident that the carcasses really were relatively heavier during the acorn 
year, for they were much fatter and better filled out than during the other 
years. 

Among the bucks, with almost identical regression coefficients in the equa- 
tions for the two periods, it is the regression constants that differ in response 
to the change in the relationship between hog-dressed and whole weight. The 
regression coefficient may be considered as a percentage figure, to which the 


constant must be added as a correction factor. It would appear that the amount 


of correction necessary depends on the condition of the animals—that the re- 
gression constant is thus an index of condition. A comparison of this sort is 
valid only if the regression coefficients are almost identical; in the two doe equa- 
tions, the difference between the coefficients prevents a close comparison of the 
two constants. Even so, the same general trend is apparent. 

The hog-dressed to whole weight relationship differed very little as between 
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.ccompany each of the equations above. The extremes of variation were: for 
bucks, 8.0 pounds (two animals) above the averages for bucks to 13.9 pounds 
below; and for does, 7.7 
does. The reasons for these variations are by no means wholly clear. In part, 
+] 


hey are doubtless due to differences in weight of the contents of the paunch. 


pounds above and 12.2 pounds below the averages for 














: rth noting, however, that of the three bucks and the three does which 
ire farthest below their re spective erages, two bucks and one doe were shot 
during periods of deep and crusted snow, and one was the “poor” August doe 
that has already been mentioned 

In summary, the hog-dressed to whole weight relationship among these 131 


deer did not varv ippre iably between sex, age, or weight classes, but did vary 
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according to the general condition of the animals. Individual variation was con- 
siderable and largely unaccountable although in part, at least, it also resulted 
from differences in condition. 



























i T 1 i T T t 1 ' LI ' ' T 
70 Wo iSO 
v oe 
ri4o 
B v 
rPi2o0 ve 
7 
v7 
oO 
- v7 
x ¥ Vv 
wy) v 7 
he Iionr = 
vv Ww 
a 
= ts) ™ 
oO 
be Ww 
” oo 
” 
Ww 
. & vs 
reo ° © aed 
¢ } 
L * 
° 
. * 
- 60 _ 
e * 
° 
}— = 
° - 
x 
oO 
w 
gs = 704 
= | 
° 
Ww 
dd a 
“” 
WwW 
x 
QO 
50 os 
J 
am | 
= 
A \& al 
WHOLE WEIGHT 30~ 
90 oO 130 150 170 
4 4 — 1 1 i 4 A i 4 
Fia. 2 A - Regression of fully-dressed weight on whole weig! 24 deer). B: Hog-dressed 
weight in relation to whole weight, by sex and age classes (30 deer). In both A and B, circles 
indicate fawns, squares indicate yearlings, t1 les indicate adults; blacked-in symbols 
indicate males, open symbols indicate females. All animals were taken in 1946-47 and 


1947-48. Weights are in pound 


We have several smaller series of data on the relationship between whole 


weight and weight of other parts of some of these deer—heart, liver, and lungs 
together; the remaining viscera; head, hide, and feet; and fully dressed carcasses. 
All of the animals were taken during the two years 1946-47 and 1947-48; all 
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are among the animals whose age was determined by C. W. Severinghaus. 
Again a straight-line relationship seems to hold in every case. The data are too 
few to be subdivided into separate analyses by sex and age classes, but in every 
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case the weight of the part in question appears to increase at about the same 
rate in both bucks and does, as well as among fawns, yearlings, and adults. 
The different parts increase in weight at different rates, however, as will be shown 


below 
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VISCERAL WEIGHTS 


Since hog-dressed weight increases at a constant rate with increase in whole 
weight, the weight of all the viscera together must increase correspondingly 
Weights of the combined viscera can be derived from Figure 1 (A and B) by 
subtracting hog dressed from whole weicht We have secrecate 1 the weight of 


heart, liver, and lungs together from that of the remaining viscera in sul 
sample of 44 animals. Average weights in pounds follow (Table 2), and the same 
data are plotted in Figure 3 (A and B). The regression equations are (x hole 
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plotted in Figure 3 (C). The regression equation for 


of head, hide, and 
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weights by the Hornaday formula, which may influence the comparison. On 
the other hand, the George Reserve deer in “normal”? years are probably in 
rather poor condition: we shall say more about this in a later section (Discussion). 


CALCULATING WHOLE WEIGHT FROM HOG-DRESSED WEIGHT 


We have already demonstrated a considerable amount of variation in the 
regression of hog-dressed weight on whole weight. Using the same data (131 
deer) to determine the regression of whole weight on hog-dressed weight—in 
other words, to predict whole from hog-dressed weight—these same variations 
are magnified in their effect. This can be seen by turning Figure 1 on its side. 
The distance from each point to the regression line is now measured along the 
whole-weight axis, and this distance will pe found always to be greater than the 
distance from the same point to the line along the hog-dressed axis. Thus, the 
buck that was farthest from the average in hog-dressed weight was 13.9 pounds 
“light,” while this same animal is now 18.0 pounds heavier than the predicted 
value based on his known hog-dressed weight. 

In general, since deviations from the regressions of z on y and of y on z are 
measured at right angles to one another, the line of best fit for one does not 
necessarily coincide with that for the other: see, for example, the two lines for 
1941-42 does in Figure 1 (B). For the other data—1942-1948 does and bucks 
during both periods the two regression lines so nearly coincide that we cannot 
draw them separately. The equations for the regression of whole weight (z 
on hog-dressed weight (y) are: 

1941-42: 





230'd': x = 140 + 1.266y, o,.. = 3.94 lbs. 

239 9:2 = 9.93 + 1.17ly, oy.2 = 4.27 Ibs. 

46c'o' + >2 = 2.62 + 1.25ly, o,.. = 4.14 lbs 
1942-43 through 1947-48 

41d'o': x = 10.33 = 5.36 lbs. 

449 9:2 = 8.75 + +.63 lbs. 

85c0'o' 4 >:2 = 8.55 + 1.265y, o,.. = 5.02 lbs. 


Here again the equations for bucks and does are closely similar for the “nor- 
mal’’ years 1942-1948, but less so (although with some compensation, as be- 
fore) for the acorn year, 1941-42. The two equations for bucks and does together 
are probably the most useful not only for the sake of simplicity, but also because 
they are based on a much larger number of specimens than any of the single- 
sex equations. The regression coefficients in these two inclusive equations are 
nearly the same, differing by only 0.014. To draw a parallel between these two 
equations and the two comparable ones for calculating hog-dressed from whole 
weight, the constant is now a “condition factor,’’ smaller in the case of deer in 
good condition than for deer in average or poor condition. 


DISCUSSION 


In all of the foregoing weight relationships, variations from average have been 
considerable. The probability is that in predicting whole weight from hog-dressed 
weight for a single deer from this herd, one could come within plus or minus five 
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much as 18 pounds and possibl; n m Obviously, the who cht of a 

single animal cannot be predicted with much accuracy. The average of a large 

series of individual predictions hur kill checking statior vould be 
f h-while results 


The concept of the “eondition index : I ly unexpected outcome of this 


study. One must have both whole and hog-dressed ight to derive it, but the 


index might be useful in several ways. It might, for example, offer a quantita- 
tive measurement of progressive deterioration or improvement of a given range, 
or of differences between ranges. On a stable range it might give a quantitative 
measurement of the effects of extremes of ther the influence f leep snow 
nd crust, for example. The question at onc : he losely may the George 
Rese ] be upplied to other herds 
The Reserve has been seriously over-browsed for a good many years. In De- 
cember 19383 leer drive (Hickie, 1937) ¢g ( count of 160 deer on the 1200- 
‘re tract; ten were subsequently removed. The next year’s population was 
estimated at 210, the highest ever reached; after 96 deer were shot, the over-win- 
tering herd was about 114. During the next two years the over-wintering herd, 
| | ( d T pou 109 T 51 ne | n ther four ve iTs between 
69 and 82. Beginning with the winter of 1941-42 the herd has generally been 
poil veen 50 and 60 dk r details on early winter popula 
ons al emovals for the entire period, see O’Roke and Hamerstrom, 1948) 
There has been some improvement in the range during the last five or six years 
11 er-browsing still general and nspicuot Although no deer have 
ever been found dead of starvation on the Reserve, it is a fair assumption, on 
the basis of range condition and size of herd, that some degree of undernourish 
ment is the usual condition here. As supporting evidence, the following seems 
sicnincant 


C. W. Severinghaus has compared 66 lower jaws of deer taken from this herd 
with specimens of known age from New York. Ac: ording to the apparent age 


uf the George Reserve specimens, the average fawning date in this herd should 
be about July 1, but in actuality the main fawning period is in late May and 


early June. Mr. Severinghaus writes (letter): “If from your experience you have 
noticed that the average fawning period is during the first two weeks of June, 

may be that the winter brows: supply is sufficiently nadequate to cause a 
slight retardation of tooth eruption and replacement each winter. If this is the 


it is entirely possible that, from the tooth condition, we have underesti- 
mated DY two weeks or a month the age of winter-killed deer . ” In the case 
of seven yearlings, in particular, he has this to say: “As an example, eruption 
age of all the adult premolars has generally been rather uniform here in New 
York, but we noticed in some of youl specimens that the first premolars 
had a tendency to be held in place until after the second and third premolars 
vere almost ail fully erupted. There may be an explanation for this. At one time 
we were running a series of nutritional experiments, and we knew the exact age 
of several of the deer which were held on a po} ple diet. It proved to be an ex- 


} 


tremely poor deer food ...and we noticed a delay in the premolar eruption 
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of about four to six weeks. It is entirely possible that the condition [of the pre- 
molars in these seven yearlings] may have resulted from similar nutritional con- 
ditions within the E. S. George Reserve. I would like to know if this idea seems 
at all plausible to you.’”’ We cannot rule out the possibility that retarded tooth 
development here has a genetical basis, since the Reserve herd has developed 
from an initial planting of only four does and two bucks; nevertheless, in the 
light of the widespread and long-continued over-browsed condition of the Re- 
serve and the typically lean condition of the dressed-out carcasses, malnutrition 
does indeed seem the most likely explanation. 

Altogether, the Reserve herd is most like “‘wild” herds on hardwood ranges 
which are definitely over-browsed, in which the shrub understory is thin and 
fields or other up- 


ed osier dogwor vd 


damaged, and on which the invasion of woody plants into old 
land openings is greatly retarded, but not wholly stopped. R 
Cor tolonifera), as an indicator plant, is markedly less abundant than it 


07 48 Stoll 





rally browsed back each 





should be; smooth sumac (Rhus glabra) is characteristic 
winter to a height between one and a half and three and a half feet. In these 
respects, this herd is comparable to ove r-large wild herds in areas south of the 


region of winter yarding—herds which, perhaps, irruptive behavior is in 
cipient or already in its early stages. Finally, since most of our data come from 


deer which were killed in December and early January, the animals may have 
been in slightly poorer con 1 than deer which are shot at the time of the 
hunting season. In using t lata to predict whole from hog-dressed weight 
in other places, some adjustment of the “condition factor’ may well be neces 


sary. A comparison of the numerical values for this factor (the regression con 
stant) in the ‘“normal”’ years ind the good acorn year may prove helpful in this 


} 


respect. Certainly these data strongly suggest that some such correction fo1 


differences in condition must be made, whatever method of estimate be used 
SUMMARY} 
Data from the George Reserve deer herd are used to show the following 
weight relationships, expressed as regre ssions on whol weight: 


Hog-dressed weight (131 deer); heart, liver, and lungs together; remaining 
viscera togeth« r: he ad, hide, and feet togeth« r: and fully dressed weight 
The regression of whole weight on hog-dressed weight yields a formula fo 
predicting whole weight when only hog-dressed weight is known 

The year 1941-42 was an outstanding “acorn year,” and the deer carcasses 
were fatter and better filled out than in the later normal years. Hog-dressed 
weight was greater, per pound of initial whole weight, in 1941-42 than during 
the later years. This difference is reflected in the regression constants, not only 


in the equations which show the regression of hog-dressed weight on whole 
weight, but also in the formulae for calculating whole from hog-dressed weight. 
When both whole and hog-dressed weight are known, the constant may thus 


be considered a ‘‘condition index”—a quantitative measurement of differences 


IY 
in the condition of deer at different times o1 places In calculating whole weight 


from hog-dressed weight, the constant becomes a “condition factor,” which must 
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be given different values for samples of deer showing differences in average phys- 
cal condition 
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Vanitol lo me they seem to be cological islands,”’ since each is a small 
oded area surrounded prairie which seems to be a geographical barrier to 


SPPTY 


1ammals 


s probable that because these “‘bluffs”’ 


were originally slightly lower 
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than the surrounding land they remained wet and untilled when the prairie sod 
was broken. Most farmers now leave them as windbreaks or woodlots. 

The farmer who owned the grove in which this work was done provided its 
history. The grove was well established when he moved to the farm in 1896. He 
cleared the land of trees in 1929, intending to plow it, but it remained unbroken. 
The date of clearing was confirmed by the growth rings of the largest bur oak 
found; the woody growth had been uncut for eighteen years when this study 
was made in the summer of 1947. During the winter the entire grove is covered 
by snowdrifts reaching depths of twelve feet. 

In 1947 the fields north, south, and west of the grove (Fig. 2) were fallowed 
in early June; oats were sowed in the field on the east on May 10. As a method 
of weed control, each field is left fallow every other year and is usually worked 
two or three times by shallow plowing or disking during the spring and summer. 

The nearest groves to the one studied were 230 and 300 yards away, across 
fallow fields. It was eighty yards across the fallow field to the nearest grass, a 


narrow strip about fifteen feet wide separating the west fallow field from an oat 


The principal trees in the grove were choke cherry (Prunus virginiana), bur 
oak ) LerTcus 1 acrocarpa ese 1 ( sier dogwood Cornus stolonife ra), and hawthorn 


Crataegus sp.). The principal shrubs in the understory were hazel (Corylus amer 
icana), rose (Rosa sp.), nannyberry (Viburnum lentago), wild black currant 
(Ribes floridum), raspberry (Rubus sp.), red-berried elder (Sambucus racemosa 
and wolfberry (Symphoricarpos occidentalis). The area labeled tall grass in Figure 
2 included many herbs and perennial grasses. The short grass was probably 
maintained by mowing; it was two to three inches tall, while the tall grass was 
knee-high and furnished excellent cover for small mammals. 

Trapping was started on July 20 and continued until August 27, 1947, a trap- 
ping period of nearly six weeks; however, there were only thirty-one days of 
actual trapping 

Methods [t might have been desirable to use live traps to study the popula 
tion in this isolated grove, but since they were not available, ‘‘“museum special’ 
snap traps were used. For some of the later trapping around the grove I used 
ordinary snap traps, such as are sold at any hardware store. The plan was to 
“trap out”’ the entire resident population as quickly as possible. Fifty-three traps 
were set six to ten feet apart in a grid, which was shifted several times so that 
every yard was covered. 

Later when it became apparent that the population could not be trapped out 
quickly, it seemed necessary to learn whether the mammals were moving in 
across the surrounding fields. Therefore, tw« nty days after the start of trapping a 
buffer zone of fifty small snap traps was set in a circle surrounding the grove 
(Fig. 2). Elton, Davis, and Findlay (1935) used buffer trapping around their 
quadrats in an attempt to prevent ingress of non-resident animals. Bole (1939) 
also placed ‘“‘shelter-belts” and protective quadrats of traps around his central! 
quadrat. My traps were set in a circle approximately twenty-five yards from the 


edge of the woods and were spaced five to six yards apart. Eight days later, six 


lines of sixteen traps each were set radiating out from the circle; in each line the 
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traps were three to four yards apart. This means that in addition to the trap 
coverage in the grove, the surrounding fields were trapped for a distance of ap- 
proximately eighty yards in all directions with 146 traps. There was a total of 
2966 trap nights—1384 in the grove, 750 in the surrounding circle, and 832 in 
the radii. 

The bait used was a mixture of peanut butter and bacon grease. This mixture 
was used in other trapping throughout the summer and was found successful 
for taking Zapus, Microtus, and five species of shrews. 
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Fic. 1.—Record of daily catch during six weeks of snap-trapping in a prairie grove and 
icinit 

Results.—Figure 1 shows that Microtus was the dominant species in the grove, 


and that it was taken in large numbers during the first two days of trapping, but, 
thereafter, at a rather constant rate until trapping was discontinued. This figure 
shows further that extension of the trapping period from three to eight days in- 
creased the catch by only 20 per cent, but that neither of these periods was long 
enough to “trap out”’ the population. It should be noted that Peromyscus alone 
was taken in the fields. Rearrangement of the traps on July 24 brought no in- 
crease in the catch. 

It was apparent by this time that it would not be easy to remove the entire 
population. Since the mice continued to be caught after eleven days of trapping, 
ve thought they might be coming from outside the grove. If the continued catch 
in the grove were the result of ingress, it was anticipated that the establishment 
of a buffer zone would reduce the rate of capture in the grove, even though Dice 
(1938) points out that a buffer line cannot be completely successful because 
some animals pass between the traps. However, Figure 1 shows that the buffer 
zone had no effect on the rate of capture in the grove. 

Because the traps in the circle were catching mice, it was decided to set the 
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radii mentioned above to determine the origin of this field population. The in- 
sert labeled “radii” in Figure 1 makes it clear that Peromyscus was widely dis- 
tributed in both fallow and oat fields. 
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Fic. 2.—Map of the grove and surrounding fields showing the nature of the cover, loca 
tion of the traps, and points of capture. Arrows indicate the location of the radial trap 
lines. (Trapping points in the grove were too numerous to indicate 


Prairie deer mouse (Peromyscus maniculatus bairdi Of sixty-eight Peromys- 
cus taken in this study only nine were taken in the grove, all at the periphery. 


Since this species was abundant in the adjoining fallow field, it seems probable 
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1 


that the home ranges of the few trapped in the grove lay largely in the field and 
only bordered the grove. 
It is interesting that most of the Peromyscus were caught in the nearly bar 


fallow fields. rather than in the oat eld (Fig 2) where there was apparently 


ibundant food. There was no change in the oat-field catch after the oats were 
hay and hauled iy. The fall Ids were plowed about three inches 
leep on August 16, but this did not : t the catch. The fact that the fields 
must be worked two or three times each vear to control weeds indicates an 
undant supply of weed seeds. The Peromyscus living in the fallow field probably 
eed on these seeds and possibly on the roots of weeds that develop before eacl 
Itivation; in any case, they are undoubtedly an important factor in controlling 
f nd n uking the ll e] ¢ 
| A ea pecte ppe 
' . 
0) 0 
I not possibl lculate the density of this species because the extent 
the area from which the trapping \ d ng animals was not known 
Meadow vole (Microtu pent ylvar is dru yndi2) In the half-acre grove 
iftyv-three of these voles were taken (Table ndicating a density of at least 
106 per acre. Eight were pregnant females, which implies either a very small 
home range or a large degree of overlap in individual ranges. Figure 2 indicates 
hat it is possible to trace the distribution of grass through the grove by the 
Vicrotus records. Because Microtus was not taken in the woods, the total avail- 
ble range of grass habitat was actually less than one-fourth acre; consequently, 
the density was 212 or more per acre of inhabited range. Hamilton (1937) found 
& maximum density of 230 per acre in a 20-acre orchard, and Blair (19406 
found a maximum density of 14.6 Microtus p. pennsylvanicus per acre. Figure 2 


indicates that this species prefers the “edge;’’ possibly the large amount of border 


between grass and trees found in this gi had an important influence on the 


number of Microtus living there 
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Part of the catch was composed of juveniles, and some of the adults were prob- 
ably juvenile when the trapping was begun. Whether these juveniles would have 
remained, or would have been forced out by the population pressure had the 
trapped animals not been removed, is not known. Because animals were still 
being caught when trapping was discontinued, there was no measure of the 
untrapped residu 

Stickel (1946b studying Peromyscus le ucopus, found that all the unmarked 
individuals caught during thirty-five days of snap-trapping, after seven days of 
live-trapping and marking, were juveniles. She believed that these juveniles 
were young leaving the nest for the first time. In the present study there was no 
significant change in the age or sex composition of the catch toward the end of 
vne trapping period 

Microtus populations in these prairie groves may be ideal for a study of the 
relation between fecundity and population density, for there are many groves of 
various sizes in the Vicinity, and there are extensive areas o! Phraqmites in 
habited by Microtu: 

M eadow jumping mouse (Zapus hudsonius campestri Thirteen jumping mice 
were taken in the grove. Unlike Microtus and Peromyscus, jumping mice were 
taken at a uniform rate throughout the period of study. The thirteen trapped in 


the grove indicate a density of twenty-six per acre. Blair (1940a) found a maxi 


mum population of five Zapus h. hudsonius per acre in southern Michigan 
Like Microtus, Zapus were taken in or near the grass cover, none in the open 
elds. Two were taken in the last trap on one of the radii, at the edge of a narrow 


strip of grass eighty yards from the grove. It does not seem likely, therefore, 


that these mice ranged into the open field or that those trapped in the grove had 
moved in during the trapping period. This is not to suggest that eighty yards is 
too far for jumping mice to move, because Blair (op. cit.) found that in Michigan 
Zapus had a range of 0.9 acre; but if they had moved through the fields some 
should have been rappe d there 

Red-backed vole (Clethrionomys gapperi loring This species was not taken 
until August 10, after trapping had been carried on for nearly a month. The 
five mice trapped were juveniles. Because Blair (1941) found that male Cl 


thrionomys g. gappert had a home range as large as 3.56 acres, it is possible that 
these juveniles missed all the traps set in the open fields and moved into the 
grove. However, this does not seem likely, and if the five captured in the grove 
were residents at least one breeding pair remained untrapped 

Masked shrew (Sorex cinereus).—The single shrew trapped was taken twenty 
five days after the study began. Its weight (2.8 grams) and the condition of its 
testes indicated that it was juvenile. Nelson (1918) followed an individual of 
this species for more than a mile by tracing a tunnel under the snow, and re 
peatedly saw its tunnels crossing the Yukon River on the ice. Apparently little 
information is available on its movements or home range in seasons when snow 
is not present. The animal that I took may have crossed the open field to the 


grove, but if it did not there must have been more shrews present which were not 


revealed by the trapping 
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Dakota pocket gopher (Thomomys talpoides rufescens).—Burrows of this species 
were found in the short grass surrounding the grove, but not in the grove itself. 
Four were trapped for identification. Since their burrows apparently did not 
extend far from the grove they probably were not used as pathways of ingress 
by the other mammals. 

Discussion.—In this paper no attempt is made to compute total populations; 
nstead, numbers actually trapped are considered. Eighty-one small mammals 
were trapped in the half-acre grove. Excepting the nine Peromyscus, which prob- 
ably had most of their home ranges in the surrounding fields, the eighty-one 
represent only part of the resident population 


This represents a trapped density of 162 small mammals per acre. Figure 2 
] 


shows that each species inhabited only circumscribed areas of the h: 


acre 
grove. If it were possible to consider only the micro-habitat each species occupied 
trapped densities per acre would be much higher. Dice (1938) cautions against 


itat. 


extrapolating data from a small isolated area to a large area of similar hat 
Because the present study was conducted in an isolated habitat probably free 
rom ingress, it is of interest to compute the population after each of the trapping 


periods recommended by various investigators (Table 2). This table further 


shows what percentage of the total catch would have been taken if the trapping 
had been discontinued at the time recommended by the investigators listed. 
| 


It should be pointed out that some of th« 


res in Table 2 are only approximate 
because some of the investigators cited used a variety of methods and did not 


designate which they would recommend 


Stickel (1946a, 1946b) demonstrated convincingly that seven nights of live- 
] 
T 


trapping were enough to trap and mark the adult Peromyscus leucopus in her 
area. Even though her trap density was about one-sixth that used in the present 
study, it must be remembered that she was trapping in open woods where the 
mouse density was much lower than that in my study area. 

From the foregoing data it seems certain that no blanket rule for length of 
trapping period can be laid down for all habitats and species. Stickel (op. cit.) 
trapped long enough to prove that she had caught all the adult Peromyscus in 
seven days, but most investigators, noting the decrease in daily catch after two 
to five days, have not continued trapping long enough to be sure they had re- 
moved or marked the entire population. This sharp decline also occurred in the 
present investigation. Hence, if trapping had been discontinued after seven days, 
the longest period recommended by these investigators, only 41 per cent of my 
total catch would have been made. 

Three to five days of trapping may give a reliable index of the relative abun- 
dance of the more numerous species present, but it will not even catch all the 
species; during the present investigation two new species were taken after twenty- 
two days of trapping. 

Summary.—This paper reports an attempt to remove the entire population 
of small mammals from an “ecological island’? by snap-trapping in order to 


measure the effectiveness of trapping periods recommended by other workers. 


Trapping the entire small-mammal population of a half-acre isolated grove 
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with fifty-three snap traps proved impossible; in thirty-eight days the popula- U 
tion was still not entirely removed. This indicates that it would be impractical, n 
if not impossible, to trap out such an area in two to seven nights 
] 
TABLE 2.—A comparison of trapping period a 
DAYS it inne I 
os OF TOTAL 
TRAP DISTANCE ‘ = 
svnstsnaTon PING | SIZE OF AREA BETWEE rRAs , PER .KEN 1 
REC- TRAPPEL TRAPS, IN ACR THE 
OM FEET PRE 
MEN “aa 
DED ST rY 
Hamilton (1937 2 , 12 (acre oU ~ "mo than Toul 31 I 
Bole (1939 -; |10-mete Min. of |‘gre majority” 29 
and 150 200 
foot quad 
Itor 1 1935 j 6 (acre 5A0 ‘“nractic rapped 
Bu 1940 | 6 5-60 
Han 194 2 60 
Dice (1938 5 5 I 85 7 
xu 6 1 
1h 
ul 40 LS § 72 4 2 J h . 
nd 2 
~ ‘ ) "> i 
194¢ 
Sar lO d 0 
stud f Rd 75 
ty 3U 
I 7 100 
Live traps. (Hamilton first used snap traps and later used live traps 
? In the present study 106 snap traps were used pe e and wer¢ spaced 6 10 feet ap 


Figures in parentheses are computations for purposes of comparison 
The evidence appears conclusive that the population of this prairie grove was 
solated and devoid of exchange with the surrounding fields. This evidence comes 
from the fact that traps set in a circle around the grove and in radii extending 
out from this circle caught nothing but Peromyscus in the fallow fields 
am 


¢ 


fhe surprising density of Peromyscus in the fallow fields, where apparently 








SANDERSON 


: } 
- eede ar 
nt y] nw 
hind 
aant spe 
on Y 
Lie ) ‘ { 


e snap-ti . 
= tel 
LITE! 
ry 
‘ 
I 


POPT 


I 


ATION 


rong 


he p 
it% ? 
Oo 
A re 
nd 1 
: 





26 JOURNAL OF MAMMALOGY Vol. 31, No. 1 


APPARENT HOME RANGE OF MICROTUS IN RELATION TO 
DISTANCE BETWEEN TRAPS 


By Don W. Hayne 


Estimation of size of home range has become a usual procedure in life history 
studies of small mammals and, in the total, a tremendous amount of effort has 
been devoted to such studies. By comparison, the effect of varying techniques of 
measurement has been little investigated. The present paper reports an experi- 
mental study of the effect upon apparent home ranges produced by varying one 
aspect of the technique—the distance between traps. All home range determina- 
tions reported here relate to the meadow vole (Microtus pennsylvanicus pennsyl- 
vanicus Ord) in southern Michigan. 

A reasonably accurate understanding of home range is important not only in 
life histories, but also in the problems of censusing and of control of small ani- 
mals. With regard to censusing, for example, it has been pointed out by Dice 
(1941) that the animals in contact with a particular set of traps not only comprise 
those whose home ranges are contained within the area under traps, but also may 
include those animals which inhabit the neighboring areas and which have within 
their home ranges one or more of the traps. Any estimate of population density 
which ignores this fact may be subject to very large errors, especially where 
small plots are trapped. Blair (1941 b) and Stickel (1946) have used differing 
methods for correcting the actual area under traps according to values of home 
ranges judged from the trapping records. It is clear that the usefulness of such 
techniques depends at least in part upon the reliability of the home range 
measurements. 

Mohr (1947) has called attention to the marked difference in results as reported 
by certain investigators who have worked with the same species, but used differ 
ing methods of calculating size of home range. While there would be no real 
cause for surprise in a finding that individuals of a species use home ranges of 
different sizes under different environmental conditions and in different parts 
of the species’ geographic range, still the disagreement in recorded experimental 
results, coupled with the wide variety of methods used, does seem to call for a 
re-examination of the methods of study. 

Regarding home range in the meadow vole, widely divergent results have been 
reported in the two major studies which have been published. Hamilton (1937) 
observed areas seldom exceeding 7's acre among more than 100 animals captured 
more than once. Blair (1940) reported average areas ranging between } acre and 
+ acre, based upon 96 individual determinations. In the present study, each of 
these two apparently conflicting values has been approximately duplicated when 
nearly the same distance between traps was used. 

That traps in one portion of an animal’s home range may interfere with its 
capture in another part has been suggested by several authors. The following 
observation may be an example of this tendency for traps to restrict the apparent 
home range. In the late summer of 1934, I set live traps at close but variable 


intervals (10 to 30 feet), in an area of second growth beech and maple near 
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Tarrytown, N. Y. At first, a few traps were set, and after an animal (Peromyscus 
leucopus noveboracensis Fischer) was captured, more traps were set until the 
points of capture lay well within the area covered by traps. Then traps within 
the area were removed as the animal was captured, in an attempt to surround 
the home range with traps. This aim was not entirely accomplished, but a start 
was made with two adult males. With one animal, seven captures were made 
before removing any interior traps, and these captures were contained within a 
95-foot extreme distance, while during the removal of the traps, four captures 
were made at increasingly greater distances, up to 190 feet between the extreme 
points. The second animal was captured at two points 25 feet apart before re- 
moval of traps, but as traps were removed, it was taken four times at increasingly 
greater distances, until the last capture was 235 feet from the first. This second 
animal appeared to expand the trap-revealed range in only one direction, while 
the first animal was taken first at one side of the home range and then, when traps 
were removed there, it would ap 


pear at another point on the growing perimeter. 


A review of these incomplete observations prompted the experimental study 
reported in the present paper. Trapping methods similar to those described above 
did not prove to be practical for use here, partly because of the necessity for using 
the trapping records for other problems not discussed here 


METHODS AND EXPERIMENTAL DATA 


1} f nr + . ry ian | } + ] y ‘ naront } 
i he pl: n of the present investigation has been aetermine apparent home 
inge, using different trap spacings. Other factors, such as season, population 


he experiments, and 


density, and quality of the habitat have varied among t 
probably the results are more variable because these factors could not be held 
nstant 
Seven of the nine experiments here reported were carried out in the same 12 
cre field at East Lansing, Michigan, during the summers of 1941 and 1942. This 
rea had once been an orchard, and although most f the trees had | ng since 
been removed, the remaining grassland had been neither burned, grazed, nor 


cultivated 


for a number of years. The remaining two experiments were carried out 
in different commercial orchards, both of which were being maintained under sod 
culture. All of the experimental areas were grassland with better cover and 
heavier sod than is common throughout southern Michigan. The various details 
regarding these areas are listed in Table 1 

The traps were set in a rectangular grid pattern in all but one of the experi- 
ments (Niles, Table 1). In setting traps, first the location stakes were laid out in 
the desired pattern, and then a trap was set in the vicinity of cach stake, in the 
best apparent spot for capturing mice. Traps were ordinarily tended twice a day. 
It was sometimes necessary to leave traps unset for the hottest daytime hours 
during warm weather. Animals were marked by toe clipping. 

All data refer to adult meadow voles captured three times or more in the par- 
ticular experiment, and taken at two or more trap locations. Pelage character- 
istics were used to separate adults and juveniles, in the full realization that when 


using such a distinction, one may sometimes classify a few breeding animals as 
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nil Che adult voles captured in all he experiments numbered 769 ani 
ls tal otal of 2004 times, but of this number only 153 animals, captured 
8 times, met the criteria outlined abo TI ble records were still further 
luce » those of 85 animals when app home ranges were calculated by 
t nmun method. Thus rds of all animals handled. onlv 20 
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er cent were usable, and when using the “minimum area” method, this propot 
m was still further reduced to 11 per cent 
The four experiments at East Lansing in 1941 were planned as a unit, with 
successive determinations of apparent home range in the same field, using trap 


pacings of 30, 45, 60, and 120 feet. The three experiments at East Lansing in 


1942, although planned for other purposes 


vith the same methods. The last of the 1942 experiments 


the rest in that the population had been reduced previr 


were 


carried out in the same fis 


1d 


1942 D) differs from 


yusly by removal trapping. 
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Che term “‘center of activity” will be used in this paper. The particular mean- 
attached to this phrase has been discussed previously (Hayne, 1949). Briefly, 
point, the location of which is described according to 
tangular coordinates used in laying out the traps (rows and lines 

The coordinates of the center of activity are determined by averaging separately 
he locations of the points of capture according to each axis, there being, of course, 
o coordinates describing the location of each trap. The center of activity is 
two-dimensional average, or geographic center, of the points of capture, 
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TABLE 4.—Mean areas of home ranges as revealed at successive captures, and numbers o 
anin als, for each experiment whe nm areas were ¢ mputed by sing a boundary striv a 
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und is useful in that it provides a central point determined by the points of 


capture. 
The male animals show « 


ae = . } , - 
msistently higher average values than do the females 


for apparent home range calculated by either method, and this is also true for 
TaBI Cont 
BE AR 1OME RANGE, A 
WE 2 “ R A MA 
RA 
} ‘ 1es 
Ma 
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O41 
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BLE 5.—M male for each 
ert é her r hod zplained in 
F Male 
t . r Mean 
Lansing, 1942 2 1 032 12 087 
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rand Rapids, 1941 40 055 2 .082 
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Lansing, 1941 6 099 2 .48 
EK. Lansing, 1942 f 8 057 16 096 
E. Lansing, 1942D 60 l 23 
Niles, 1941 f 
E. Lansing, 1941 120 2 .16 
mean distance of points of capture from the center f activity. No statistical test 


is here made for the significance of this difference between the sexes, since the 


and a similar difference 
between sexes has been reported previously by Hamilton (1937) and by Blair 
1940), 

Statistical methods. 


ods is whether or not 


difference is clearly consistent throughout this study 


The primary question requiring use of statistical meth- 
a significant relationship exists between apparent home 
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due 


significant level, one is justified in asst 


to chance variation. On the other h 


It may be stated that the fitting of an 


RANGI 


and, where 


the Fr”? ry 


tio is less than the 


iming the same relationship for the two 


‘age regression,”’ as mentioned 





wf xyes 
bove, is actually the fitting of two lines, one to each set of data according to sex, 
the two lines having in common an average slope or regression coefficient, but 
ch line passing through the mean value of its own set of data. This distinction 
is necessary because the average apparent home ranges of the male are con- 
sistently larger than those of the female, and a single lin tted to the combined 
gross data would n h e the sal meaning 
Che theoreti elationship bs pparel I inge and trap distance 
nknown. 7 f t} ( ( line relationships 
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pp nt home 1 nge ind ti nin ( S¢ ( Ss there 18 strong tendency 
ward larger values when greater distances are used between traps. Figure 1 
llustrates this trend among the data for the females. An analysis of variance of 
items shows that a highly significant portion of the variability is removed 


when allowance is made for this relations 


ip 


within each sex class show a 


fitting individual regressions as compared w 


lata. a 


significant. Thus, judging from thes« 


highly significant re 


while the data 
improvement from 


f an average regression is not 


highly significant relationship exists 
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between apparent home range and distance between traps, and there is no evi- 
dence of a difference between sexes in this relationship 

It seems significant that the divergent home range determinations previously 
reported for the meadow vole by Hamilton (1937) in New York and Blair (1940) 
in Michigan have each been approximately duplicated in the present study, if the 


corresponding d 


stance between traps is considered. Hamilton, setting traps 9 to 
15 feet apart, found that individual apparent home ranges seldom exceeded 7: 
(.067) acre. He did not state the mean values observed, but as nearly as may be 


judged these values would correspond reasonably well with the trend of the data 
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Me 1 e ranges of adult female meadow voles observs 
‘ traps wert t at yus distances in the experiments reported in this paper 1d 
\ s reported | Har 1937 i by Bl 140 
the present study. Blair found smaller apparent home ranges in moist grassland 


than he did in dry grassland. In the moist habitat, with traps set between 45 and 


60 feet apart, the mean values observed were .19 acre for females and .3 ( 
for males. In dry grassland, with traps apparently spaced at slightly greater 


distances, average values of .28 acre for females and .50 acre for males were found 
These values seem to be consistent with the trend of the observations made in thx 
present study and would fall somewhere between determinations using 45-foot 
and 60-foot trap distances. The differences which Blair observed between moist 
and dry habitat may have been increased slightly by unlike trap distances, but 
the differences are clearly greater than would be expected solely from this small 


change in trap distance, if one may judge by Table 2 


An animal’s home range, as revealed by trapping, tends to increase rapidly 
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and then to ncrease less rapi 


pidly, or to apparently 
Thy nt « “ort rind + ’ ; ; 
lue not altered by further captures. This phenomenon has 


igen (1942) and by Blair (1942), the latter of whom con- 
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( less clearly discernible in all of thi experiments, but it seems to operate at 
erent levels of apparent maximum size of home range for different trap 
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of occurrence. The arguments contrasting this method with that using a boundary 
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The previous analysis of the data is based upon a test of whether the observed 
lecrease in the apparent home range, as traps were set closer together, is signifi- 


cantly different from a hypothetical absence of any change in area. However, it 


ippears that if an animal were aly ays Ci ught in at le: 1 


t least some of the most exterior 
traps still w ithin the limits of its home r inge, und if the effect of 


setting traps at 


loser intervals consisted solely in providing more points | 


ry which the margin of 


the home range could be recorded, then the effect of a closer setting of traps 
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\ center of activity has been determined for each animal used in the present 


stuay, and the distances from the various points of « ipture to the center Ot 


C- 


tivity have been measured. One distribution of such measurements has previously 
been used (Hayne, 1949) in discussion of the relationship between frequency of 
capture, probability of capture, and the problem of calculating size of home 
range. This particular set of data is used in the present paper (Kast Lansing, 


1942) although selection of the data varies somewhat, as explained in each paper. 
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\ similar distribution has been set up for each sex class in each experiment, and 
the average value e shown in Table 7. The mean distances for the females shov 
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tances decreasing as traps be nit .. The effect might 
also be described, as it has be hors, as certain traps inte! 
fering with capture in other traps. 
; 
It seems certain that the home ranges of some meadow voles are at least 


large as the largest found in these experiments. It is probable that the average 
values observed in the experiments with the closely-set traps are far too low. A 
reasonable question, however, might be raised as to whether an increase of di 

tance between traps may not merely “drop out” those animals with the small 

home ranges, which then may continue living within the trap area, but out of 
touch with more than a few traps. On the other hand, when traps are widely 
separated, as in the presently reported experiment with the 120-foot spacing, the 
probability of capture becomes so low that an unreasonably long time is required 


for the repeated capturing of animals. Consequently, the non-capture of an an 
mal does not necessarily indicate its absence 
Possibly the truth concerning average size of home range lies somewhere be 


tween the extremes recorded in these experiments, but if this be true, there seems 


to be no objective test for revealing which determination comes nearest to thi 
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SUMMER BEHAVIOR OF A FAMILY OF BEAVERS IN 
NEW YORK STATE 


By Luoyp Tevis, Jr. 


From June 16 to September 14, 1947, I studied the behavior of a family of 
beavers (Castor canadensis) at the Edmund Niles Huyck Preserve, Rensselaer- 
ville, New York. An adult male and female, two yearlings, and three kits con- 
stituted the family. Their lodge was on the shore of a ten-acre pond surrounded 
by hemlock forest, deciduous wood, and grassy fields. No other beavers lived 
within a mile. It was hoped that a record of the habits of this family might 
serve for comparison with the activities and social relations of other individuals 
living under different environmental conditions, as well as contribute to the 
long-time study of ecological changes on the Preserve. 

In 1931 the Preserve was founded to fulfill the late Mr. Huyck’s wish that his 
land be held in trust for the greatest number of people who could enjoy it without 
spoiling its natural beauty. As stated in the certificate of incorporation, its 
objectives are to protect the natural beauty and the wildlife of the area and to 
increase knowledge and love of nature. 

In 1939 these 
research station. During my one summer’s stay as a research fellow I tried to 


ybjectives were furthered by the establishment of a biological 


observe the beavers whenever they were active and visible, and daily I examined 
their lodges, dams, trails, and feeding areas. About 250 hours were spent in 
observation of the animals. Eastern Standard Time was used. This summary 
of the record was prepared at the University of California Museum of Vertebrate 
Zoology. I wish to thank Drs. Seth B. Benson and Jean M. Linsdale for their 
advice and assistance. Dr. W. J. Hamilton, Jr., who is chairman of the scientific 
advisory committee of the Preserve, made helpful suggestions. 

The Preserve is about twenty-seven miles southwest of Albany on the Helde: 
berg plateau, a rolling land of low hills and shallow valleys. To the south are 
the Catskill mountains. To the north and east, fronted by the bold escarpment 
of the Helderbergs, is the plain of the Mohawk and Hudson rivers. Extensiv: 
farming in the past depleted the thin soil of the Helderbergs, and today the 
Preserve is an instructive example of deserted farmland reverting to semi- 
natural conditions. It has a few stands of fairly mature second growth forest 

The original beavers of the Helderbergs were exterminated (Radford, 1907 
Recently, though, the New York State Conservation Department introduced 
stock that may be a mixture of the Canadian and western races (Johnson, 1922, 
1927). No animals were released on Huyck lands, and none had moved in by the 
time W. J. Hamilton, Jr., completed a biological survey of the area in 1937 
They first appeared in October of 1939, when E. P. Odum found cuttings on 
Lincoln Pond. And it was there that the one family of the summer of 1947 
lived. 

Because Lincoln Pond (Fig. 1) is held by a stone dam, the animals do not have 
to maintain one of their own. The average depth of the pond is five feet with 


eleven feet the maximum. In the spring and early summer a torrent of water 
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cascades over the spillway. Then as the flow diminishes the level drops, and 
aquatic vegetation gives the surface of the pond a weedy appearance. 

Much of the immediately surrounding terrain is clothed in a hemlock forest, 
which supplies little or no food for the beavers. Of far greater value are the 
marginal thickets of alder. And back of the southeast shore there is a small but 
exceedingly important area. Once it was a field. Now it is overgrown by de- 
ciduous wood, in which trees of cherry, ash, alder, birch, maple, aspen, and 
basswood rise to a fair height above a promiscuous tangle of saplings, shrubs, 
and briars sy the west side of th p md previously cultivated land is in the 
field stage, but an invasion by woody species has begun 

The only planted trees in the Lincoln Pond region are a few domestic apples, 
which date from the agricultural period, and two stands of conifers. Red pine 
planted in 1928 back of the southwest shore is flourishing and has crowded out 
all other vegetation in its area, but white spruce which was planted in 1924 
back of the southeast shore is overgrown by the deciduous wood. 

The beavers have two lodges. The smaller one, which I designated as the 
secondary lodge, is located under hemlocks on the northeast shore. It was not 

he 


occupied in the summer of 1947. All members of the family lived in the larger 


or main lodge, which is situated on the west shore at a break in the alder thickets. 


THE BEAVER FAMILY AT LINCOLN POND 


Numbers.—The population of seven did not change during the summer. 
On land the age groups could be distinguished easily. The two adults were the 
largest, the two yearlings were intermediate in size, and the three kits were 


quite small. In the pond recognition was more difficult. Usually the adults 
swam lower than did the yearlings, and the kits rode high with bobbing motions 
as though they had been made of cork 

Individual identification of the adults was possible because of the prominent 
nipples of the lactating female. I assumed that the other animal was a male, 
for studies by Bradt (1938) and Cook (1943) show that there is one adult pair 
to every normal colony. 

The home range of the family was restricted to the pond and the immediate 
vicinity. 

Diving.—Although I did not time a beaver beneath the surface for more than 
one and one-half minutes, Irving and Orr (1935) and Warren (1927, p. 139 
recorded fifteen minutes under abnormal circumstances. The ability to avoid 
asphyxia during a long submergence is due to unique physiological adjustments. 
While the animal is underwater, the flow of its blood increases through the head 
and decreases through the muscles. Thereby, a relatively greater amount of 
the finite oxygen goes to the brain than to the less sensitive tissues (Irving, 
1937, 1939 

I recognized three types of dives: the quiet dive, the fright dive, and the 
warning dive. The first was the manner in which an undisturbed animal would 


submerge. While its head and shoulders sank underwater, its rump, buttocks, 
and tail would rise and then flow forward in an are until gone, barely rippling 
the surface of the pond. 
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The fright dive, on the other hand, was abrupt. A suddenly frightened animal 
would submerge instantaneously. But if the danger were not immediate then 
t would execute the warning dive. Lifting its great flat tail high into the air, it 
would bring it down hard against the surface of the pond, whip it up again, and 
dive beneath a geyser-like eruption of water—with a sound as though two boul- 
ders had been thrown into the pond. Usually about five seconds elapsed before 
the animal reappeared. Then, if the source of the disturbance were in view, 
the beaver was likely to swim back and forth in front of it and around it for a 


long while, repeatedly slapping its tail, diving, and surfacing 
} 


Because thirty out of thirty-six such dives descril 





. <r » £,)] =° 
In my notes followed a 


listurbance (there was no discernible reason for five, : one seemed to be in 


play), I concluded that the main function of tail slapping is to warn other 
veavers of danger. If that is so then a beaver that hears the sl: p should respond. 


It should seek refuge. But out of twenty-one recorded examples in which I 


watched a beaver at the time another executed the warning dive, there were 
only thirteen examples of a positive response.: Of four animals which were 
vimming in deep ter, none responded; of fourteen which were in shallow 


ter, ten responded; and of three which were on land, all responded. There- 


fore, I concluded that beavers in deep water ignore the warning slap, those in 

hallow water swim to deep water, and those on land hurry to the pond. 
Sound The vocal sounds uttered by the kits were the ones most often 
4] Chey were high-pitched whines given rhythmically, rising and falling in 


and having a strangely plaintive and complaining quality. To me they 


dog. Before the kits were fully weaned they 


gest Ul ving 4 Puppy 24 
ikely 1 hit thi e lodge durin ny hour of the day or night. 
Afterwards they were noisiest in the late afternoons and early mornings, and 
ause of competition for food there would be a loud outbur henever the 
her entered with « ing 
Although Leighton (1933), who studied captive animals, distinguished seven 
fferent cries besides many unclassified squeaks and mutters, I recognized 
nly one kind of vocal utterance from the adults and yearlings at Lincoln Pond. 
ng while I wa yt sure the d yuund. On rare occasions when 
vers were nearby the air might be filled with a low-pitched, thin, faint whine 
ventriloquial in character that I was not able to ascertain its source. Only 
fter I had repeatedly confirmed the fact that I never heard it from outside 
lodge unless two or more animals had moved together could I be certain 
t it was a beaver sound. It served as a mild threat, as when one of two animals 
pulling a cherry branch in opposite directions whined once every six seconds 


intil the tussle ended 
Besides these vocal sounds there were mechanical ones to be heard from within 


t tiinit 


the lodge. Because they revealed the activities 1e unseen inhabitants | 


attempted to interpret them. Rumbling and be 


gas. Grinnell, Dixon, and Linsdale (1937, 


ching noises resulted from the 


movement and expulsion of intestina 


p. 650) similarly interpreted the subdued guttural rumbling that issued from a 


rul 
lodge in California. The rumbles and belches I heard were more frequent than 
any other daytime sounds. They continued even when the absence of other 
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noises indicated that the beavers were asleep. As a rule, their frequency increased 
during the morning and tapered off during the afternoon. 

In the late afternoons and early mornings, chewing sounds were loud and 
persistent. Muffled scratching noises occurred if a beaver dug into the earth or 
scratched at the stick walls of the chamber. When shaking itself there would be 
a muffled shuddering noise; when moving in shallow water a rippling sound. A 
splashing told that it had dived from the earth platform; gurgling noises that it 
was swimming through a passageway; and a bubbling sound that it had ex- 
pelled air. 


DAILY BEHAVIOR 


The basic pattern of behavior was repeated with monotonous regularity 
every twenty-four hours. During the day the animals slept or rested within the 
lodge until the latter part of the afternoon, when they awakened and emerged. 
At night they procured food, fed, worked on the dams and lodges, and played 
and loafed until early morning, when again they entered the lodge and settled 
down for the day. Throughout the summer they led a tranquil and easy existence. 
There were no disturbances such as the sex drive or the environmental change 
from the warmth of summer to the bitter cold of winter to alter their routine. 
When I began this study the kits of that year were being weaned, and warm 
weather had set in. When I completed it there was no indication of the coming 
cold, and the animals were not yet assembling a food store for winter. 

Although the basic pattern of behavior was stable, the details of daily life 
were varied and changeable. When a beaver set forth from the lodge each after 
noon, the nighttime events ahead of it depended in part upon the encounters it 
would have with its fellows and with other animals and upon whether the weather 
was stormy or mild. The stage on which it acted was the pond and the surround- 
ing shores, and within that area the focal point of activity was the lodge. If the 
nightly wanderings of a beaver were to be mapped, the result would appear as 
many lines radiating away from the lodge and returning to it. 

Daytime behavior —To study the daytime behavior I recorded the kinds of 
sounds heard from within the lodge during consecutive five-minute periods on 
certain days. The results for August 19 are given in Figure 2. Air temperatures 
outside the lodge on that date ranged from 71° to 82° Fahrenheit. 

The last individual entered the lodge at 7:06 A.m.; the first individual emerged 
at 5:43 p.m. Therefore, with a single exception to be noted below, every animal 
stayed inside at least ten hours and thirty-seven minutes. But the longest 
period of no indication of restlessness, other than whining by the kits, was four 
hours and ten minutes between 9:25 a.m. and 1:35 p.m. The longest period 
without whining by the kits at least once every five minutes was three hours and 
forty-five minutes between 1:30 and 5:15 p.m. The baby beavers took longer to 
settle for the day than did the adults, but they were lazy about becoming active 


as night approached. Their late afternoon whines were protests against dis- 
turbances. The longest completely silent period was twenty-five minutes between 
2:05 and 2:30 p.m. 
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Fic. 2.—Sounds heard from within the main lodge between 6:15 a.m. and 





7 p.M. on August 
19, 1947. There is a vertical time column for each sound. If the sound named at the head of 
a column occurred one or more times during a 5-minute period, the appropriate space is 


inked. The ‘‘movement”’ column records faint sounds that could not be interpreted with 
tolerable certainty as well as any sound indicative of movement, even though recorded 
under another column. ‘‘In” and “‘out’’ columns list the number of beavers that entered or 
left the lodge during each 5-minute period. Parentheses around the figure mean that the 
animal did not surface 


The rumbling of intestinal gas, which occurred at least once every five minutes 
between 6:40 and 9:10 a.m., decreased in frequency after 11 a.m. and ceased 
after 5:45 p.m. Chewing was not heard in the middle of the day. Digging, which 
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caused the loudest noise of the early morning, stopped after 7:10 a.m. Body 
shaking sounds occurred mainly in the early morning when the animals were 
entering the lodge. Water movement sounds, which were characteristic of the 


periods of retiring and awakening, ceased for six hours and thirty-five minutes 


between 7:10 a.m. and 1:45 p.m. In the latter half of the afternoon an animal 
rested partly in water for now and then the surface rippled. 

In the early afternoon a beaver awakened. As it rose it bumped against the 
roof of the chamber. Then, as indicated by rippling and gurgling sounds, it step 
ped into the water and swam down and out twenty feet, leaving a bubble path 
on the surface. It did not appear. Still underwater, it returned to the lodge, 
where it climbed up onto the chamber, shook itself, and quieted. Possibly it 
had left to defecate. All accounts of beaver lodges describe the interior as clean 
of dung 


TABLE ] Time the first beaver appeared out of the lodge in the afternoon 

TIME, P.M ATE TIME, M. 

June 22 4:52 July 27 6:01 

23 4:25 30 6:13 

25 9:09 August 3 6:25 

26 5:14 { 5:59 

27 4:0] 5 5:55 

28 5:03 1] 6:13 

29 4:46 19 9:43 

July ] 4:51 20 5:54 

2 4:42 21 5:56 

6 5:25 September 3 5:43 

9 5:11 4 6:04 

10 5:14 5 0:42 

15 5:45 R 5 QR 
Time of awakening.—The beavers emerged independently of one anothe1 


Excluding the kits, I never observed more than one to appear at the same tim« 


1 } 


Often while the others were asleep or merely stirring, a beaver would plunge into 
the water of the chamber, swim down and out, and begin to forage an hour o1 
longer before the next animal showed itself. For example, on June 23, the adult 
female surfaced at 4:25 p.M., the first yearling at 5:34, the adult male at 5:59 
and the second yearling at 6:13. The time intervals between these appearances 
were respectively one hour and nine minutes, twenty-five minutes, and fourteer 
minutes. On some days at least two and one-half hours elapsed before th« 
lodge was emptied of all the older animals. Also, the time of the first emergence: 
was variable (Table 1 

The earliest record was 4:01 p.m. on June 27, while the latest was 6:25 P.M. 
on August 3. The range between these extremes is two hours and twenty-four 
minutes. 


Out of the twelve examples that I recorded from June 22 to July 10, the 


average time of first emergence was 4:54 p.m. with a range from 4:01 to 5:14 
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This time should have advanced as the days shortened. Instead, out of the 
fourteen examples from July 15 to September 8, the average was 5:57 P.M. 
with a range from 5:42 to 6:25. As a rule, then, the first beaver appeared earlier 
in the initial part of the summer than it did in the latter half. The reason was 
that lactation made the adult female restless. Invariably during June and early 
July she was the first animal out of the lodge and the first one to procure food. 
In this respect her behavior paralleled that of lactating individuals of the Cali- 
fornia ground squirrel, which forage more persistently and voraciously than do 
the females without young or the males (Fitch, 1948). But after the kits were 
weaned she behaved like the other members of the lodge, and, therefore, the time 


of first emergence averaged later. 


4:05a.m 4:30 5:00 5:15 


m Os 








5:15 5:30 6:00 6:25 








> 


Fia. 3 tetiring behavior of the adults and yearlings at the main lodge from 4:05 a.m. 


to 6:25 a.m. on July 21, 1947. The number of animals within the lodge each minute is indi 
cated by the height of the inking 
Muffled sounds of water movement within the lodge signified that a beaver 
was coming out. After surfacing it might swim away a few feet, shake itself, 
turn back, and spend up to five minutes cruising slowly in circles nearby 
‘warming up” and eyeing the terrain. It might adjust some of the small sticks 
of the lodge or, if it saw food in the water, it might eat a little. This habit of 
loafing for awhile was more typical of early summer than of August and Septem- 


ber, when the beavers often swam directly away to feed. 

Time of retiring. —In the latter part of the night the animals visited the lodge 
repeatedly, and with the coming of the dawn they spent most of their time 
within a hundred feet of it, going in and coming out, cruising in circles, loafing, 
sometimes playing, and rarely eating. In contrast to their awakening behavior, 
they tended to congregate. 

Figure 3 indicates the rhythm of the coming and going of beavers into and 
out of the lodge between 4:05 a.m., when only the kits were within and the older 
animals were still too restless to settle for the day, and 6:25 a.m., by which time 
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all had retired. The outstanding feature of this behavior was the frequency 
with which the beavers dived into and out of the lodge. 

As the days shortened the time of retiring became later. On July 3, the last 
beaver was seen at 5:42 a.m.; on July 19, at 6:20 a.m.; and on August 4, at 
7:04 a.m. The latest record was on September 10. A beaver swam across the 
pond in full sunlight at 8:24 a.m. to enter the lodge. No beaver was seen outside 
the lodge between 8:24 a.m. and 3:48 p.m. On a typical day in midsummer, 
about ten and one-half hours were devoted to resting within the lodge and 
about thirteen and one-half hours to activity of various sorts. 

Feeding.—The largest amount of food was consumed in the first half of the 
night. At least three-quarters of it came from the mixed deciduous wood of the 
southeast shore, where bird cherry was the most abundant tree. A few other 
stands of vegetation provided a lesser but significant amount of food. The most 
important were the masses of water-weed and eel grass that r« voted in the bottom 
of the pond, the alder thickets that fringed the shores, and a few small groves 
of American aspen 

A tabulation of all food records in my notes suggests the degree of utilization 
of the various kinds of plants. Each recorded instance of a specific kind of 


pl unt seen eaten constitutes one record. There are 407 such records: 


Speckled ald 1/7 neana 12 
Bird cherry, Prunus pennsylvanica 79 
Aqu tic vegetation (water-weed, Anacha canadensis and eel grass, } 

7 Ll americana 72 
American aspen, Popu tremuloide 8 
White ash, Fra ? ame cana 18 


Willow, Salia 
Wild raspberr R 


Sugar maple, Acer saccharun 10 


Conspicuous among woody plants that were not eaten is the elderberry 
(Sambucus canadensis). A parallel exists in the rabbit warrens of England, wher 
this type of shrub flourishes even though all other vegetation has been devoured 
(Tansley, 1939, p. 13 


Although the Lincoln Pond beavers fed on the leaves of alder more often than 
on any other plant, the leaves, fruits, and especially the bark of bird cherry 
prov ided the largest bulk of food. A larger quantity of aquatic vegetation and of 


alder and, accordingly, a lesser amount of the important bark species, such as 


cherry and aspen, were eaten in June and early July than during the remainder 
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of the summer. It may be that after a winter diet almost exclusively of bark the 
beavers crave leafy material. Bradt (1938) observed a tendency toward use of 
aquatic plants in summer. 

To some extent accessibility influenced the selection of food. To procure water- 


t 


ed and eel grass a beaver merely had to dive to the bottom of the pond, to 


procure ; Ider it mere ly h id to cut a ranch beside the w: ter, but to procure 
cherry ar spel had to go onto land and fell and section a tree. But accessi 
bility alone was not the governing factor. The animals exercised a choice. Often 
De r vould hun I her kit il 1 before it had finished what it had 
m hand. TI bar] f Amé the ite. During the summer 
947, the nal I ] ] et el forest a measured 355 feet 
the pond t ut this ti yet ( no farther than 115 feet and 

ld farther t} {) 


Many food studies h as those by Shadle, Nauth, Gese, and Austin (1943 


1 Sover 1937) empl ize th portance f ener In Minnesota. Aldous 
1938 le her : tainable other plants were not 
eaten 11 nifical mounts. Johns 1927 ndered if the animal’s fondness 
ght be due to some relation in tl geograph rigin of the two, and 

Warren (1927) present map to s! their ranges coincide in the north 

houg ( e aspen does not occur 
Val eaches of the Rio 

( oo 


| he 1 | t nem! ck rest 
} c ) n h¢ uth t ? 
hore 1 a dense grovi zed trees f the southwes 
All the stand d beer partly ut t for the latter 
it g tl 130 parated only by 
1. Xe | ngle tree there 
me | 1947 : é red it, although 
eg hid lee] mlo rest of th 
If its 1 l ere aspen eaver might spend an hour or longer feeding at one 
it more often it moved from place to pl { ld eat for a few minutes 
he! ould paddle away to sample ot! ttings in the ter. or it would go 
no! to cut plant. Becaus of tl ming mless tendency to wander, 
nan tes were sited and man ittings made u short while. Figure 4 
grams the earl ternoon foraging route of the adult female on June 22, 
hen sunlight left the southeast shore at 7:00 p.m. Between 6:20 and 7:36, 
tal of 76 minutes, she climbed ashore four times to cut alder twice, raspberry 
mee, and ash once. She made the second alder cutting at the place where the 


first one was cut a half hour earlier, yet many leaves remained on the latter. 
When a pl unt was cut it was taken to the pond and usually then towed to a 


favored feeding site: an underwater, shallow, marginal shelf overhung by alder 
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branches. Because of the shade from the canopy, the turbidity of the water, 
and the darkness of the bank, a feeding beaver was difficult to see. 








6:52 > - * 7:01 
7:24 





0 150 300 
= ‘. j 
Scale in Feet 
Fic. 4.—Foraging route of the adult female between 6:20 p.m. and 7:36 p.m. on June 22, 


1947. 


In June and early July, the first terrestrial plants eaten each afternoon were 
procured on land. Later, when many cherry trees were felled, the southeast 


shore became cluttered with uneaten food to which the animals would swim 
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directly. This residue, which was important to the kits, began to accumulate 


in the latter half of July. Prior to that time the soutl 


itheast shore was fairly clear 

debris. But by the first week of August a partly floating, partly submerged 
tangle of cherry trunks, fresh alder cuttings, bark-peeled aspen branches, 
vater-logged sticks, and small and large pieces of dead wood made it impossible 


for me to force the rowboat closer than ten feet inshore. On August is. along 
330 feet of shoreline I counted seventy-three bark-stripped cherry trunk sections 


lone. They ranged from one to thirteen feet in length. 
Trails—The trails of the beavers were connected intimately with the feeding 
habits of the animals. The only exception was a 25-foot long one that terminated 


at an anthill. I did not determine the use made of this trail, but Seton (1929, p. 
194) who noticed that many short ones in Yellowstone Park ended at anthills, 


speculated that beavers n ight employ ants to pick off ectoparasites. Although 
| pio} I 


this seems unlikely, the phenomenon of “anting” by birds has received much 
ittention. McAtee (1938) summarized tl ace and 


a the accounts, more recent pape! 











s by Brackbill (1948 
Most of the trails at Lincoln Pond were about twenty inches wide and were 
med the trampling he ground as well as by the intentional cutting of 
lants. That thev ere not merelv the resul proved by ones 
tudded with the short stumps of plants tl erately and then 
ther Ie removed. Characteristically angles from the 
age « tk pond ross nd ana ¢ I deviate except circumvent trees 
it me pal leled the sk ‘ his v I eeping with the t < be er to 
e the the quickest ute to and fr he pond. 
Four trails were mo rominent (Fig One. located 150 feet south of the 
in lodge, extended sixty feet through deciduous thickets to the mh stand of 
lov [It was used for the procurement of that plant. The second trail, located 
S00 tes it} the ma lodge. was traight path across a field to a stand of 
spen saplings. From time til idened by the cutting of goldenrod 
ng the edges. The third trail, located 175 feet north of the main lodge, extended 
fi { i I ippueda east hirds of the raspberry 
during the Che fourth trail ed 100 feet north of the stone 
which entered 1 deciduou ood of the southeast 
ind ash were cut. A beaver walked along it nearly 
J ings were mad 
T’ ¢ ] non m ] work i or rec time This 
orees with the results obtained by Shi 1935) through flashbulb photography. 
But once a tree 1s down and dragged to the water then all members of the 
nily would eat it 
\lthough a large number of bird cherries were felled, at least two-thirds of 


em lodged against other trees and were abandoned. They were small compared 
th those sometimes cut in the western mountains. Hatt (1944), for instance, 


records a beaver-felled cottonwood in British Columbia which measured five 
feet and seven inches in diameter; while th largest tree br ught down at Lincoln 


Pond was a ten and one-half-inch domestic apple. 
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When a tree was to be felled the cut was started on whatever side was easiest 
of access, and the work was done only after nightfall. An animal which I watched 
while it severed a cherry bit into the wood against the grain three or four times, 
shifted its head a few inches to a new position, bit another three or four times, 
and then wrenched out the chip between the gouges. In this manner it ulti 
mately cut through the trunk. 

After a tree was brought down on land, often it was not utilized until a day 
or two later. For example, on July 12 a beaver trampled the vegetation around 
a tall aspen that had been felled the previous night, but removed nothing for 
another twenty-four hours. Then four of the eight branches were cut off and 
dragged to the water. They provided food for two days. Sixteen days later, 
when the tree had been stripped of all its branches and three sections of the 
trunk had been removed, the cut for another section was started. Then the tree 
was abandoned permanently. 

Food storing—In New York where the winters are severe, an underwater 
food store is assembled before the pond freezes and imprisons the animals. 
Johnson (1922) noticed that food storing in the Adirondacks begins in the latter 
part of August, but at Lincoln Pond the beavers had not started a winter food 
store by September 14 (when I terminated observations 

Dam and lodge maintenance.—Even though the man-made dam at the south 
end of the pond was built of stone and cement, the beavers worked on it through- 
out the summer as though it were one of their own stick and mud dams that had 
to be continuously repaired. It consisted of two lateral walls or wings with a 
48-foot wide spillway between them. Outflowing water dropped about fifteen 
feet over six broad steps to a stream bed below. The beavers started work in the 
last week of June when the flow slackened. By the end of summer they had 
covered most of the outer surface of the dam with cuttings and sticks and 
had deposited large quantities of mud, aquatic plants, twigs, rocks, and odd 
objects, such as living clams, against the wings. Although such material would 
have strengthened a beaver dam it had no effect on this particular structure 

Maintenance work did not require the stimulus of running water. Even as the 
level of the pond fell the animals regularly deposited mud along the water line 
On July 6, when there was only a trickle of water going over the spillway, they 
worked harder than on any previous night. Mud mixed with eel grass was pushed 


+ 


against 


the east wing. A single load of mud and a large rock were deposited out 
of water in the center of the spillway. Six alder branches were placed on the 
steps. And five small rocks, aquatic plants, twigs, and mud were dropped against 
the west wing and patted into a compact mass about a foot in diameter 

In order to estimate the frequency and amount of work, I recorded the quantity 
of mud and the number of sticks two feet or longer that were put down on each 
of thirty-seven nights between July 7 and August 22. This showed that the 
beavers worked a little oftener than two out of every three nights, and that on 


the average they deposite d four quarts of mud and between one and two large 
sticks per night. The maximum amount of mud was twenty-two quarts, and the 


maximum number of large sticks was seven. 
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Although the animals usually worked in the latter half of the night or in the 
early morning, a beaver which was feeding, tree cutting, playing, or loafing 
might go to the dam at any moment. Sudden, unexpected action is characteristic 
of the species. On some nights for no apparent reason there would be a splurge 
of work. 

The ten acres of water held by the stone dam were quite sufficient for a beaver 
family. Nonetheless, responding to an instinct to halt running water, the animals 
constructed a long shallow dam across the inflow stream at the north end of the 
pond. The resulting pools flooded extensive alder thickets and killed trees that 
could have been used for food. Through obeying their instincts the beavers did 
themselves more harm than good. When the inflow stopped about August 1 
and the level of the pools dropped more than half a foot below the top of the 
dam maintenance work ceased. Then the pools dried rapidly, mud flats were 
exposed, and the animals no longer visited the area. 

The lodges were repaired and added to as frequently as were the dams. 
Che main lodge dated from the fall of 1939. In 1947, it was 21 feet in maximum 
width parallel to the shore and 18 feet in length at right angles to this. Ten feet 
of the length were on land and eight feet in water. The maximum height above 
ground was five feet. It was composed of poles, sticks, and twigs cemented by 
mud on which grew grasses and herbs. The greatest amount of mud was placed 
on the north and south sides, which could be reached from shallow water, while 
the east side, being bordered by deep water, received relatively little plastering. 

The lodge was a dynamic structure that changed from day to day through 
addition and wear. Lone beavers added material in the early mornings as well 
as at night, but rarely in the afternoons. The animals worked on it four out of 
every five nights, and on the average they deposited four quarts of mud and one 
large stick per night. The maximum amount of mud was twelve quarts, and the 
maximum number of large sticks was four. 

The secondary lodge was a comparatively small structure. It was 12 feet in 
maximum width parallel to the shore and 14 feet in length at right angles to 
this. Four feet of the length were on land and ten feet in water. The maximum 
height above ground was two feet. Although not occupied, it regularly received 
additions of mud, dead sticks, cuttings, and aquatic vegetation. The animals 
worked on it on three out of every four nights, and on the average they deposited 
four quarts of mud and one large stick per night. The maximum amount of mud 
was fifteen quarts, and the maximum number of large sticks was six. 

Responses to the weather —The usually mild summer weather at Lincoln Pond 
was interrupted by thunder storms and by periods of high temperature and 
humidity. Nonetheless, except for a decrease in the frequency of the storms and a 
corresponding increase in dryness, there was no major change in the weather 
from June 16 to September 14. The climatic variations that affected the daily 
behavior of the beavers were temporary. 

The response by beavers to hard rain was decisive. They did not like it. When- 
ever it fell in torrents they sought the shelter of the lodge. It is strange that an 
aquatic mammal should be disquieted by the falling of water from the sky. 
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learned to forage on their own she fed them less frequently. Over half of my 
observations of the food-bringing phenomenon occurred in the first two and a 
half weeks of the study. The last record was on August 13. Although the female 
usually collected the food close to the lodge there was a notable exception on 
July 7. She had been feeding at the southeast shore when suddenly she grabbed 
a cutting and towed it 680 feet across the still surface of the pond to the lodge. 
She never took more than a single cutting at a time, but she might make a 
number of trips within a short period. Of four different trips with food between 
4:51 and 6:30 p.m. on July 3, the intervals in minutes were 35, 39, and five. 

Always she selected leafy vegetation. The leafier the branch the better she 
liked it. In twenty-two examples, she chose speckled alder twelve times; bass- 
wood, six; white ash, two; willow, one; and shadbush, one. Basswood, the leaves 
of which are the most massive of any plant in the Lincoln Pond area, was carried 
into the lodge a greater number of times, proportionately, than it was eaten by 
the adults and yearlings. Aspen and cherry, the important bark producing 
species, were not collected. 

This emphasis on leafy plants is correlated with the fact that baby beavers 
do not chew their food as well as do older animals, as was demonstrated by the 
comparatively large and coarse plant remains which Grinnell, Dixon, and 
Linsdale (1937, p. 675) found in the stomachs of kits. A leaf, even when not 
finely ground, is more easily assimilated than is bark. Therefore, it is bette: 
food for the young animals 

Although the kits may have been born in late May, I do not believe they left 
the chamber of the lodge until July 6. About midnight on that date I heard one 
give a loud, wild whine near the stone dam. Then the following morning I saw 
a kit. Swimming near the shore at 5:14 a.m., it and its mother were headed 
towards the distant lodge. The kit led. The mother followed with her chin over 
the end of the baby’s tail. Had she been alone doubtless she would have taken 
the direct route across open water. Under the lead of the kit they hugged th: 
land, never going farther than ten feet away. Either the young animal feared 
the open pond or else the shoreline was its guide. Once, as though in need of 
reassurance, it stopped, turned around, and rubbed its chin against the head 
of the mother. Then on its own initiative it dived. After surfacing it resumed the 
trip. The female, which had floated idly while the kit was out of sight, swam to it 
as it appeared and followed as before 

When they were alarmed by a kingfisher bursting out of the thickets, both 
beavers dived simultaneously. They surfaced in a few seconds. The kit was 
four feet ahead of its mother, and it turned at once to face her. She swam to it 
and mouthed it on the head and shoulders. Seemingly given new confidence 
by this caressing, the kit then headed towards the lodge. Upon reaching that 
goal, it dived and entered. The mother followed. 

Because the kits did not leave the lodge until darkness, I saw them rarely 
in the first half of July. As they grew older, they appeared earlier; after the first 


week of August they were as apt to be seen in the afternoons as were the other 
animals, and after the third week of that month they were likely to be the first 
ones out of the lodge. On July 15, the first kit emerged at 8:15 p.m.; on July 20, 
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at 7:41; on August 4, at 6:52; on August 5, at 6:22; on August 20, at 5:54; on 
August 31, at 5:35; and on September 8, at 5:38. 


The reason why, during the first half of July, the kits stayed in the lodge long 


after the older beavers had emerged each afternoon was that they would not 


leave the chamber on their own. They required direction by the mother, and 


usually she did not provide it until she had fed herself for two or more hours 


Apparently, to get one of her young out of the lodge she had to enter the chamber 
and either persuade or coerce a kit into following her. Then they would appear 
side by side. She never took more than one out at a time 

Although I did not see a baby ride on the I ack of the swimming mother, as 
Mills (1922, p. 52) describes, it often 


2 of attempted to do so. But always she would 
dive and force it to swim. Possibly the kits were first persuaded to leave the 





chamber of the lodge whil the back of the mother and therefore being used 


i. ride they wanted more of it; or possibly, as was indicated by the many times 
they mouthed her, they simply enjoyed close bodily contact. One kit even tried 
climb up the steeply arched back of tl dult male while he squatted in 
hallov ter. I did not observe th: k climbing phenomenon later in the 
summer than the middle of August 
Che kits were persistent feeders. A July 27, I saw one gnaw the bark 
f cherry, but their favorite d was ves. On August 11, the three kits whined 
scontentedly e tl ( he mother was ripping from 
ranch-trimmed section of a cherry trunk. A fe eet away, a yearling dragged 
eafy cutting he pond mediat ts rushed to this new green food 
nd ate the leave } lity 
Che young be ers | I I ere following the mother and 
she climbed ashore the p [ did not seea kit cut its own 
land ul Septel 8 
In the early stages of elr de’ ere dependent largely upon 
noth ring then licate it. Whenever she cut 
‘h and dragged it to the n her. Whenever she swam 
g cuttings, tasting { ne! hey would feed on the pieces 
ne sampled Even if nié sne eld € nouth ere a single leaf, they 
bite nste ( I te ndepe ndent of her, they would 
m directly from the lodge across the pond the masses of cut food that 
re the eas hore as esult ¢ essl\ utting of trees by the older 
nimals. The first observed instance when o1 ssed the pond alone was on 
August 4 
Sometimes a kit did not feed unti nother beaver doing so. On August 
20, one of the young animals paddled within fifty feet of a loafing adult, and 


then, as though in imitation of the latter, it, too, floated idly. But the instant 


the adult gnawed tl Dark On a Dranch, the Kit rushed t 
£ 


» it, whined, and tried 


» eat also. On August 8, a baby beaver feeding on alder leaves noticed an adult 
diving for eel grass forty feet away. Promptly it abandoned its own food to 
swim to the adult and dive for eel grass likewise. This strongly developed trait 
of imitation undoubtedly was an important factor in the education of the young 
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As a rule a peaceful relationship existed between parent and young. The kits 
liked to snuggle up close to their mother and nuzzle her sides; and she would 
reciprocate. She was patient. So long as they did not try to carry her food away 
she would let them annoy her in almost any manner. The adult male and the 
yearlings were equally tolerant. 

Not only were the kits less wary than were the older beavers, but the habit 
of executing the warning dive developed slowly. On July 20, a baby beaver which 
I watched took alarm when I moved. Tilting its head high, it swam with increas- 
ing speed to the lodge. Under similar circumstances an adult would have slapped 
its tail. On August 4, all the beavers were pursued by persons in a rowboat. 
The older animals executed warning dives. A kit fled to the lodge. Four times en 
route it dived with a feebly performed tail slap. 


SOCIAL BEHAVIOR 
Independence of one another typified the social behavior of the two adults 
and the two yearlings. I saw all of them together only eight times. Whenever 
possible they remained aloof. They went alone in their journeys to and from the 
lodge, to the feeding areas, and to the various parts of the pond. Having spent 


] 
i 


Vy chamber of the lodge, 


they seemed to delight in the nightly opportunity to separate, when each could 


most of the daylight hours crowded into the low, st 


4 


go its own way at its own time. 


There was no deliberate cooperation in any undertaking. Each animal acted 
as though it alone were the owner and caretaker of Lincoln Pond and the en 
viron ne never assisted another in dam maintenance, lodge maintenance: 
tree felling, tree sectioning, or food procurement. Although two or more might 


feed side by side, the reason was not sociability, but the fact that the most 


easily obtained food for one was the most easily obtained for all. 


Superficially, only a common food supply and living quarters bound them into 


colony during the summer. But deeper, operating in each animal, there was an 
age-old social instinct that made the beaver essentially a gregarious creatur 
It acted independently; fundamentally it was dependent. Much as it resented 


the competition for food, I doubt if any one of the Lincoln Pond animals would 


ave stayed at the pond alone. For the full expression OF its attributes it had t 
live with other members of its species Without them it would be a part sep: 
rated from the organic whole. 

Because the demeanor of one animal towards the others rarely expressed 
emotion, I had to spend many hours of observation to collect a few examples of 
positive reactions. These fell into two categories. On one side there was attrac 
tion. The animals were drawn together at times because of a wish to play or 
because of mutual affection. On the opposite side there was antagonism, which 
included rivalry over food and a mild dominance of the yearlings by the male 
Although the male never attempted to drive the yearlings from the pond, they 
reacted a little differently towards him than they did towards the female. They 


respected him and regarded him with a modicum of awe. They never tried to 


avoid the female, but sometimes they kept away from him 
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swam across the pond to 
Shortly he was joined by the female. 
yearling approached. Thereupon, t 


at the latter 
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A typical incident on July 24, though, demonstrated that the male could not 
rolved. On this afternoon he 


effectively dominate a yearling if choice food were in 
an aspen trunk that was lodged against the bank. 


I 
“7 


They fed side by side in peace until 


he male whirled around and threw himself 
. Both dived. The female, alarmed by the splashing, did likewise 
The disturbance was so profound that no beaver returned for a quarter of an 
hour. The first one back was the male. Resuming his oris rinal position, he fed 
The t] yearling é pproached. It swam to the 


Y 
l nen wire 


lone for twenty-two minutes. 
end of the log opposite the male and ripped off bark with its incisors. The older 
ed the trunk fifteen feet from shore. 


animal promptly tor 
While f loating i in deep w: ater, the male tried to feed, but whenever he sank his 
round, and he lost his grip. Once 


teeth into the bark, the log spun around and a1 


e tried to ride it by straddling it with his hindlegs, only to be rolled off. Frus 

rated, he returned it to the shore. 
When he saw the yearling coming again, he resorted to his original tactics—he 
lunged. But the former dived out of harm’s way. It seemed to realize that since 
\ uick dives ivoided the attacks of the male, it could steal more bark if it 
were persistent. Unable to get rid of his tormentor, the male grasped the log and 
headed to deep water. Instead of trying feed when a few feet from shore, he 
pointed himself towards the lodge on the opposite bank. He si am slowly, en 
cumbered by a bulky, heavy load. The yearling pursued. When it caught up, it 
both paws on the log, reared its foreparts out of water, bent the head 


w. Although the male then had to tow his competitor 


( n, and began to gn: 
well as his food, he did not release thx log to attempt to drive t 1e other animal 
wway. Finally, when they were two hundred feet out, the yearling ripped off a 
piece of bark, which it carried to the southeast sk The male continued to the 
lodge and ultimately was able to eat in peace 
Nearly all examples of antagonism were the result of competition for food. 
An animal sometimes tried to take a cutting away from another, but usually 


I 
such attempts were ineffective. However, when a beaver which squs atted with 


was approached by a swimming animal, 


two thirds of its body out of watel a 
Then the intruder 


ti 
invariably it would leave as though it were highly alarmed. 
common phenomenon. f 


would eat the surrendered food. This was : ‘om many 
I concluded that a oe partly exposed beaver is 


re 


& swimming animal. It is vulnerable, 


observations of it ut 
disadvantage when it is approached b 


and therefore it retreat 

The habit of surrendering food to an 
which s juatted partly out of water while 
animal. The latter dived when 
Lorty feet a way. Suddenl ly the kit ta threw itself into the water, dived with 
a splash, and left. Seemingly it had been hurt and badly frightened. I suspect 
that the older beaver had nipped it underwater, for the latter immediately sur- 
faced where the kit had been. 
There was the possibility that this habit of surrendering food was based on a 


approaching animal is learned at an 
early age. On August 5, a lone kit, 
feeding, disregarded the approach of an older 
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social hierarchy in which each individual was “subordinate to the one above it 
with respect to the aggressive-submissive dominance relations” (Collias, 1944). 
To test this possibility I watched the behavior of the adult male and female and 
a yearling at the southeast shore between 5:55 and 7:21 p.m. on July 15. The 
results are given in a series of diagrams (Fig. 5). A large, floating aspen branch 
was the chief attraction for the beavers. The yearling was the only animal present 
at 5:55 p.m. It was eating the aspen. At 6:02, the female approached. When 
she was twenty-five feet away, the yearling stared at her, then surrendered the 
food, swam off, and loafed. At 6:13, when the female saw the yearling returning, 
she cut off a small section of the aspen, dived with it, passed the yearling under 
water, surfaced, and fed thirty feet away. The yearling swam to the aspen and fed. 
At 6:15, the male arrived from the lodge. At his approach, the yearling sur 
rendered the aspen, dived, swam under him, and surfaced near the female. 
There it ate the piece previously taken by her, for she had discarded it to cut an 
overhanging alder branch. For the next twenty minutes the three beavers dis 
regarded one another while they fed on their respective foods 

The yearling was restless. At 6:35, it swam to a cutting that floated ten feet 
beyond the male. The latter stopped chewing to stare at the yearling, but other 
wise did not react. At 6:37, the yearling swam towards the rear of the male. He, 
sensing the approach, whirled around. Immediately the yearling dived. Surfacing, 
it started to eat the end of the branch. The male lunged forward. The yearling 
dived, swam underwater ten feet, surfaced, and nibbled a floating cherry pole 
The female left four minutes later for no apparent reason. At 6:59, the yearling 
again swam to the distal end of the aspen branch. Cutting off a section, it towed 
it away. The male disregarded this maneuver. At 7:03, the female, which dis 
played none of the yearling’s hesitation, swam directly towards the male. H: 


had been feeding for forty-eight minutes. He surrendered the food and swam 


west. At 7:05. the yearling took advantage of the absence of the male to gO LO 

the branch. Ten seconds later the female towed the branch twenty-five fe 

leaving the yearling with a small piece that it had cut off. At 7:18, the mal 
~ ‘ a } 


returned and ate a small cherry cutting that floated between the other t 
beavers. At 7: 19, he swam towards the aspen branch, then held by the female 
She surrendered it and left. At 7:21, the alarm rattle of a kingfisher caused bot! 
remaining beavers to swim away 

In summary, of the one hour and twenty-six minutes that beavers were watched 
on the southeast shore, the yearling was there one hour and fifteen minutes, the 
female fifty-five minutes, and the male fifty-one minutes. During this time, ther 


were six examples of one animal surrendering food to another. The yearling 
surrendered to the male twice and to the female once. The female surrendered to 
the male once and to the yearling once. And the male surrendered to the female 
once. Conversely, the male captured food from the yearling twice and from the 
female once. The female captured food from the male once and from the yearling 
once. The yearling captured food from the female once. Therefore, although the 
male was the most aggressive animal and the one least likely to be intimidated, 


I concluded that the habit of surrendering food was not based on a clear-cut 
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order of dominance. There was no absolute social hierarchy. Any one beaver 
might give up food to any other. This conclusion was strengthened by observed 
instances when the male surrendered food to a kit. 
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I dult female (f), and a yearling (yr) at the 
southeast corner of the p 1 between 6:02 p.m. and 7:21 p.m. on July 15, 1947. In each dia 
gral 0 vt length shore! indi 1 by a heavy line. The land is shown by shading 
An arrow indicates the 1 é 1 beave he ed time. A dot indicates the posi- 
tion of the beaver after it had moved. (No dot is present if the animal went outside the area 


represented by the diagrar 


Play by the yearlings was the most often observed type of attraction within 
the beaver family. It ranged from swimming side by side to vigorous tussles. 


The adults were sociable on rare occasions. Once, when they were feeding 
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twenty feet apart in shallow wate under alders, the male swam to the female. 
As he drifted slowly in front of her, he put his head underwater, leaving his 
hindquarters exposed. In response, the female dropped the stick she had been 
chewing and, first placing her paws on his rump to hold him securely in position, 
j 


I I ie to sid 


caressed the pelage of his back by moving her mouth over it from si 


while opening and closing her lips. Then he lifted his head. Lowering his rump, h 
rolled her paws off his back. Turning around, he mouthed her for a few seconds 


then swam away 


The first example of what seemed to be a stereoty pt d form of play was wit “ 
nessed at 5:20 a.m. on July 1. Standing erect and face to face, the two adult na 
beavers shoved each othe r back and forth in sk all vi vate! beside the lodg ‘ 
When at length thev fell onto their sides they embraced for a few seconds long¢ 
while thrashing wildly about with their feet. | watched the struggle for one and #2 
one-half minutes. It was significant because it was similar to behavior that has 
been interpreted to be copulation. Reed (1946) summarized accounts of mating 
that suggest that beavers copulate in a ventral embrace instead of using th 
dorsal mount characteristic of most mammals. According to the descriptions, 
the male either turns the female onto her back while they are in water or the | 
two lie side side hey stand upright, their vent: rfaces pressed togetl 
However, there the possibility that the des riptions were of animals pl y 
Some of the observations were made in the non-breeding season, whet 


unlikely that mating would be attempted, and other records of similai 

do not suggest copulation. Bradt (1940) quotes F. Kahan, who saw capti 
play by facing each other while standing on their hindlegs. Warren (1922 
kits and yearlings in the water push each other with their shoulders and head 


and Leighton (1933, 1935) describes beavers which shoved each other with the 


chests and two others that stood face to face on thei hindlegs and laws 
It seems, therefor : the theory that beavers copul te I ventral eml 
needs confirmation. Beach (1947) is skeptical of all accounts of ventro-vent: 


coition in mammals lower than the primates 
Irrespective of the manner of mating and in view of the observations men 
tioned above as well as my own, I concluded that there is a stereotyped form of 
play in which ventral surfaces are opposed. I observed it once with the yearlings 
After having fed for a half hour, they happened to pass swimming three fee 
apart. One turned and pursued the other. Both dived. They surfaced side by sit 
1 


clinched by throwing their arms ar d legs around each other. rolled over a fe . 
times, and sank : 
I saw the adults play in this manner on one other occasion. As daylight faded é 

at 7:50 p.m. on July 2, the male was in a dark, secluded retreat under a canop’ 
of foliage. He was fifty feet from the lodge, and he had a fresh, long cutting 
alder. Presently the female arrived. She squatted five feet away and began té 4 
| 


strip leaves from the branch. He stopped chewing to regard her intently for 
few second Vhen the female had devoured everything palatable beside he 


she dived, surfaced in a tangle of greenery close to the male, and again ate 


rapidly. But she was restless. She turned and twisted and backed and went 
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This accumulation generally attracted the animals each night. But even when : 
large amount of cut food was available in the water, sooner or later a beaver 
would stop feeding to go ashore and cut more 

Although the pond was large enough to meet the requirements of the beavers, 
the animals dammed the inflow stream. The resulting flood killed many alders 
that could have served for food. The stone dam at the outflow end of the pond 
was man-made, but the beavers worked on it as though it were one of their own 
stick and mud dams, which had to be repaired 

30th an occupied and an unoccupied lodge received additions of mud, sticks 
and aquatic vegetation throughout the summer. The rate of deposition of mud 


] 


on each lodge and on the stone dam was approximately four quarts per day. 


The beavers were less active on stormy nights than on mild ones. They 
disliked hard rain, and when it came they retreated to the lodge. During wind 
storms they foraged along protected shores only 


The beavers shared the pond with muskrats, which stored food in both of 


their lodges. The rel: tionship between the two sper ies was amicable. 

Every afternoon in the early summer the adult female took leafy vegetation 
to her young within the lodge. A kit was heard outside the lodge for the first 
time on the night of July 6. Until the middle of the month, the baby beavers 


1 


did not leave home before darkness. After the first of August they were as apt 


to be active in the late afternoons as were the older animals 
Che first observed instance when a kit swam across the pond alone was on 


August 4 Because the kits did not go ashore tocut their own food, they de pended 
on what the other animals left in the water. A feeding adult would attract then 


The older beavers were tolerant of the kits 


Independence and tolerance of one another characterized the social behavior 


of the adults and yearlings. Sut a few examples Ol traction and antagonisn 
were noted. There was a mild dominance of the yearlings by the male. All othe! 
examples of antagonism between individuals were the result of e mpetitior 
for food 

A frequently noticed habit was that when a feeding animal, which squatted 
in shallow water with two-thirds of its body exposed, was approached by another 


it would surrender the food and swim away. This was not based on an order of 


dominance, because any one beaver might give up the food to any other 


A stereotyped form of play consisted of opposing ventral surfaces and pushing 


It was similar to behavior that some observers have interpreted to be copula 
tion 
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WATCHING COYOTES 
By Epson FicutTrer 


\ study of coyote feeding habits in relation to pheasant populations was begun 
in Nebraska in January 1947. The field investigations are including attempts at 
detailed observations within selected study areas. It is desired that direct ob- 
servations of coyote-pheasant relational behavior comprise some of the results of 
these efforts. Detailed information on the daily behavior patterns of coyotes was 
needed. The watching of den areas was, accordingly, undertaken in the spring 
of 1948 

Direct observations were made on four den sites, employing concealment in 
1) an abandoned farm building, (2) a strawstack, (3) a pile of old bales of straw, 
and (4) blinds. The latter, of which there have been four, were prepared by dig- 
ging a broadly V-shaped “seat cavity” about fourteen inches deep and twenty- 
four inches wide in the ground at points which provided vantage over the den 
areas. A heavy tarpaulin folded to four thicknesses was laid in this “form.” A 
little care in shaping the “back” of the form has made it possible to remain sitting 
in it in relative comfort for as long as seven hours. A field notebook was conven- 
iently kept within reach beside the seat-form; the ground surface on either side 
of the form served as a rest for my elbows allowing observation through binocu 
lars for long periods without undue fatigue. 

In placing these blinds advantage was, of course, taken of naturally growing 
low vegetation such as grasses, forbs, and shrubs, or the blind was artificially 
fringed with such things as tumble weeds, yucca, and tree and shrub branches 
leaving space between the ‘“‘dugout”’ and the fringe for my legs and feet which 
rested on the surface of the ground. The blinds were placed so that my head was 
not outlined against the sky, although they were located on relatively high var 
tage points. My head was always exposed above the fringing vegetation allov 
ing continuous use of binoculars and a command of practically all the terrain 
before me. Despite movements (cautious, of course) of my head, hands, and bit 
oculars above the vegetation, and of my entire body in changing positions for th: 
sake of comfort, adult coyotes, active and alert, have remained within 100 to 200 
yards of the blind apparently undisturbed up to five hours. At no time have | 
detected any indication that the coyotes being watched were aware of my pres- 
ence, although their general gaze was many times toward the location of the 
blind at minimum distances of about 150 yards (estimated), possibly less. 

The attempt was made to consider wind direction and possible wind shifts 
choosing vantage points. However, I twice watched adult coyotes walk or trot 
through my “wind” while approaching or leaving their den areas without show 
ing any visible evidence of being alarmed. It should be noted that these studies 
are being conducted in farming country where human scent is common; the den 
sites reported upon here were all within one-half mile of occupied farmsteads 

These dugout blinds have been prepared just before or during dawn, in mid- 
morning, and in midafternoon; effective observations from them have been made 
during both morning and evening hours. The blinds at the various locations were 
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prepared in twenty to thirty minutes. The strawstack blind was an adaptation 
this plan, although constructed much more quickly and without the use of : 
spade. 
. In all, 47 hours and 50 minutes were spent in concealment in the vicinity of 
ote denning areas between May 21 and June 11, inclusive, 1948; time in the 
lugout blinds aggregated 26 hours and 15 minutes. Coyotes were under observ: 


r tion within 100 to 1000 yards (estimated), mostly within 200 yards, for 11 hours 
a nd 30 minutes, or 24 per cent of the total concealment time. Fifteen coyotes 
- ere involved in these observations—two pairs of adults and two litters of six 
hive pups, respe ctively 
. Coyote activity —Observations on the first pair and litter began on May 20 
: \ den (to be known in this report as Den Site 1) was discovered by Mr. Lyl 
Foth oung farmer living seven miles south of Ord, Valley County, Nebraska 
king on the land of his uncle, Mr. Will Foth, on May 18, 1948. Lyk 
- reported that at about 6:00 Pp. m. of that day while he was disking with tracto 
A female coyote come to the den and nurse her young in full view although 
“a ntinued disking and was passing within twenty to thirty yards of the den 
ae The den s in the gently sloping bank of a shallow ravine, the entrance being 
, I he edge of the cultivated field. At 7:40 in the evening of 
May 20, Lyle and I sighted an adult coyote lying down on the disked ground 
bove and ne the den entrance. We were about one-fourth mile to the 
the wote At 8:00 o’clock. while we were watching this coyote from 
; one-half mile to the north, it got up and walked east across the disked field 
es lisappearing beyond a low ridge and weedy fence row 
ther steep hill to the south and west of Den Site 1 appeared to offer a po 
ige poin m which to watch den area activity at relatively clos 
| wind should be from a northerly direction. I arose 
ng 1 ning; the wind was out of the north. I was near the cres 
! thin the head of the ravine in which the den was located by 
3:00 M ght aided in the preparation of this first dugout blind. By 
th, it 4:45 was light enough that I began scanning the countryside with 
V0) bino¢ I ell as watching the den entrance which was about 170 yards fron 
1d in I it 
re wo coyote pups came out of the den at about 5:15; in a few minutes six pups 
the ( pove ground ind playing about the den entrance. At 6:15 the adult female 
ghted three-fourths of a mile to the north; she was not traveling directly 
1 the den, but ppt ed to be foraging As she crossed a country road sh« 
trot stopped to defecate in the track. The last 200 yards of approach to the den was 
= cross the recently disked field over much the same route as that by which she 
dies had left the den area the evening before; she covered this open ground rathe 
den slowly, stopping several times and looking about. She reached the den at 6:48 
ade Che pups had been out of sight in the den for some minutes, but now were im 
nid mediately out and at their breakfast. She nursed them standing up, and thei 
ade hunger was satisfied in three minutes. The bitch remained at the den site about 
vere one-half hour, lying down, wandering about, nosing and licking her pups. The 
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play vo or three of them always tussling vigorously witl 
| ying down. Through 8X binoculars such details as the 
. the adult coyote’s vibrissae were discernible. She left 
ywn the ravine and out of sight at 7:15 
rnoon of May 26, Mr. Will Foth pointed out what appeared 
rked coyot den in the side of an old trench silo at the east 
done armstead which he owns. This site was about a mil 


tched on the morning of May 21. At 4:30 p.m. |] 


hed at somewhat less than 100 vards from this pos 





{ ovote came over a |! hill from the east and about 
north of the trench silo. It Was trotting through a | 
, | rl } é y t ry ' (inser hon = af 
f the objec not possible Ithough 
phe isant. I lost sig! { the covote whil 
oded ravine which lies just north of the abar 
reappeared ¢ ning trom tne ves und som«e 
I thed, and moving somew! slower than ( 
| mp | fence nd the hill to the eas 
f sigh 6:59 
one-half hour later and drove slowly nort] 
n in which this action had been taking place. At 
juarters of mile east standing on an alm 
; looking about, but soon began digging, d 
cked ¢ t ol the der looke 1 about dug wall 
nd walked east o sig beyond the ridg 


lfa be the ridge. O nimal 
nting. | 10 ecam lark to follo 
0 I shaped lind” near the top of 
ded 1 ne | [ had seen tl 
( rving something i } he na 
Le Came over the heat field ridge to the east an 
Neal the east end of the yvooaed ravine it turn 
( he boxelders. A few seconds late [ heard two whines, a1 ( 
den (here indicated as Den Site 2 At 4:46 the coy 
er the exposed roots of a large cottonwood, returned 
l¢ 1d four minutes later was again in sight, ac companied by on 
el yeu toward the den. At 4:55 the adult walked past the | 
a aow north of and close beside a wv indfall of boxelder. A 
‘ re nh its paws 1n dog on-the-hearth”’ fashion. Th l ( 


1utes this coyote, which proved to be the male, remained lying ( 


. = 
KING ou ert 


| 
to the noises of cattle nearby. He changed his pos 
: up and scratched with a hind foot once. I could. several times | 


Ose as Ul ough he were dozing. At 5:47 he gol up and walked about 


OS 


mes 


; 
OU 
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8-10 feet, faced into the windfall, then suddenly turned to watch a crow come into 
the cottonwood from the north. For a moment he lowered his head suggestive 
of a defensive attitude toward the crow, then lay down again. 

At 6:12 the female came in from the west passing between the wooded ravine 
and the strawstack in which I was concealed. She disappeared under the box- 
elders; the male heard her and disappeared behind the trees, hurrying toward her 
with the lowered-head attitude. Both adults soon reappeared. For the next hour 
and twenty minutes the two adults were active in various ways in the den area 
vandering about in the wheat, jumping a fence, lying down in several places, 
exploring under the windfall, returning to the den. Two pups were in sight near 
and beneath the windfall during some of this time. They were, of course, not all 
in sight all the time. 

At 7:41 a coyote appeared on the dry ridge where one had been observed dig- 


ing the previous evening. Since the male was still nearby in the den area, this 


Pings vue Previous evening. #81nce vwne Mai 
is presumed to be the female. She began digging at 7:43, and in the next 
twenty-two minutes continued alternately to dig and look about. She was about 
one-half mile from me; the dust which her digging threw up against the early 
morning sun was very obvious and could have been seen from much farther. 
The mal s last se 8:05; th emale left he ligging and trotted out of 
sig 8:07 oO pups e still under the ndfall 
[In the afternoon of this day six pups were smoked out of this den (Den Site 
I idults were in the den area, but left as we pproac ed it at 2:45 Pp. M. 
his proved to be the litter which I had first watched at Den Site 1, a mile to the 
northeast. Two other auxiliary dens, including the one at which the female had 
been seen digging, were found in the intervening mile. It is now felt that the ob- 
ject which I had seen the coyote carrying on the evening of May 26 was a pup, 
ind that I had been fortunate enough to see a part of the actual moving of a 


The second pair of coyotes and their litter were observed in one of the study 
al s set up for the coyote pheasant investigation Karly spring observations 
licated probable denning in this section. Whereas the dens of the first pair 
1 been in rolling land amid considerable cultivation, this second pair was den- 
ning in the steep breaks and pastured canyons of a ridge of high hills; the two 
denning areas were, however, only three miles apart. There was another active 
denning area roughly half way between them 

At 7:12 a. m. on May 28, while walking along the rim of one of these canyons at 
the edge of a wheat field in an effort to expose myself to view, [ saw a coyote 
standing on a grassy ridge across the canyon watching me. As it turned and trot- 


] 


away it appeared to be relative ly small and remarkably yellow. I continued 


+ | 
Led 


following the rim and at 7:20 I saw a second coyote, a large gray individual, 


come up out of the breaks near the head of the canyon and about fifty yards 
from where the small yellow coyote had been standing watching me. This sece- 
ond animal had been routed by my approach; as he topped the canyon rim he 
stopped once to look at me for an instant, then loped out of sight. In my note- 
book this pair became Big Gray and Little Yellow. 

[ immediately prepared a dugout blind on the canyon edge opposite the brushy 
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breaks from which Big Gray had been routed. Later examination of the area 


revealed several den holes in these brushy breaks (Den Site 3 of this report). At 


| 


3:05 in the afternoon I settled in this blind. At 6:50 I was amazed to see the two 


coyotes walking about fifty yards to the west of me, going south away from the 
suspected den site instead of coming in from the north across the canyon as ] 


had supposed they would. The bitch was leading with Big Gray following her at 


probably twenty yards. They continued into the wheat field, passed downwind 
from me with no app disturbance, a el sight 
Early in the afternoon of June 2 I set up a blind in pile of old baled stra 
about 700 yards south of this site, and from 2:20 to 8:45 p. m. I saw no coyote 
It] oT the | I mm nd 1 { e gT ssy ridges ul € 
Den § } and the ning ( this baled str 
blind | +45 hye 1] ng I ng lr} 1 I 5:09. J oO ote pup 
were seen ! ne | m of the « | he poir | 


west and ¢ ppeared behind th rus 1 of the on. I e mil 
tes \ presul same adi l 1 e den re lke 
nortl - pe ( waite nd he bre At 6:07 
reappt id wer thwest—trottin r three pups following 
ol sight be p At 7:17 Big G S ng in west of me 
He I 1) red { T SP ¢ g n at this 





8:43: I le the blind 8:57 

Later in the forenoon I exposed myself or ridge beyond the next canyon 
north of Den Site 3. At 10:45 Big Gray g it of some brushy cover at a point 
estimated to be from 300 to 400 yards northwest of the original den site (3 
I selected a vantage poii erlooking this s ted new den site (Den Site 4 
ind eig! | 3 late June ] ‘ n d lit | 1:90) u. The sur 
came yat 5:00 Lo Lhe nd n the « I e thar e and o1 
half | the | D 1 five pup ( Lt 200 | me 
[ left the blir 11:15 4.2 

Its ‘ ley I the morning of June 3 le tching from the baled 
sti nd, I! er nd example of litter ren me! new den, in 
this instance from Den Site 3 to Den Site 4, with the pups old enough to follow 
the adult. Track evidence indicated that this last den sit 3 apparently vaca 
ted on June 21 or 22; the yapping of the pups after sundown on June 22 in 
cated their presence still in the study are 

Den area behavio lhe field notes, taken on the spot at Den Site 4 on June 11 
ire given below illustrative of the kind of detailed behavior that may 
observed from easily prepared, relatively comfortable, but apparently effectiv 


concealment. It will be noted that four two-minute pheasant crowing counts are 
included. On mornings when weather conditions were suitable, crowing counts 
vere made while in the blinds for a short time before and after sunrise (when 
crowing Ol pheasants is at its daily peak and usually before the adult coyotes 


appeared at the den site. 
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ting of pheasant cock calls for two-minute periods furnishes index 
}: 4 l ay ++ ; +; N gg 

garding the density of pheasant populations. For purposes of inventory, 

20-mile routes, begin- 


o0 minutes before sunrise in late April, May, and early June. A crowing 
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She becomes alert, interested to the west, looking up-ridge, remains 


wh. Brown thrashers scolding in thicket near the edge of the break. 
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AN ADAPTATION OF BREEDING PEROMYSCUS MANICULATUS 
BAIRDII FEMALES TO AVAILABLE WATER, AND OBSERVA 
TIONS ON CHANGES IN BODY WEIGHT 


By Rosertr G. LINDEBOR( 


Most mice require some free water in order to survive. Breeding females also 


must supply water for the growing embryos and the young while nursing 

Moisture conditions vary from season to season and one uuld expect to fir 

adaptations fitting the needs of reproduction This paper is concerned with 
) 


wate! requirements and bodv weights of female Peromyscus maniculatus 


from southern Michigan. I am indebted to Dr. L. R. Dice for suggestions and 


the use of space and equipment in the Laboratory of Vertebrate Biology, Ur 
versity of Michigan 
Method Thirty bard females were mate | Io! eight daavs and then ef 
mouse was placed in a separate cage. The amounts of water consumed wer 
measured daily and the individual mice weighed periodically until the youn 
el yvean Femal hich produced n ung { considered controls 
he 9 x 15 x 8 inch cages, constructed entirely of one-quarter inch hardy 
Cl r pl ced on sl covert 1 vith |} | 00d I ngs Eacl S 
pli { nesting chamber and cotton nest material. Temperature and hu 
i f mtrolled. Air-di oa WV b] t me It consists 
, ure lhe vats )] heat grain al gel skim milk, dry m¢ 
cTal cluding live! hemp, canary and millet seed l-livel | 
S nd cal carbor In additior nf seed el 
wer I} ood conta I od 1 hose d 
} ) 19099 102 nat si ! I 
| ( ! ] I | 1) 
the I { Lit ul pili ‘ i } I 
; ' ry n close i } f] me y } \ el 
end ept ti nverted hit ] he 
Th held secure re t ne ! 
m ement wel p le lube el i I ( 
evap tion control po n. A fi p adde { en ( 
ted mili the t eadin U.1 ¢ ( le. ine! 
re weighed 0.1 grat | irregularly until pregn \ s es lish 
there Lite until p rturition We ohing wel continued t me more th 
ds interval After parturitio1 he mothers and young were weighed eve 
two days until the eyes of the young were open and subsequently not as often 
Females which produced no young were weighed at irregular intervals 
Resu Of the thirty females mated, fifteen gave birth to young or gave ev 
dence of h Ving been pregnant Nine females and litte: vere useable in the 


experiment; the remaining six were removed from the experiment because of 


various abnormaliti One female w 


th seven embryos died before parturition, 


and three females lost their young shortly after birth. One female had an ab 
normal parturition with part of the litter born one day and part on the next 


The young died or were killed shortly after birth. One female was apparently 





Average 


amounts of water consumed : 


? 


REQUIREMENTS 15 
SI el ? hether the ve ing 
YT 
yi ( ht 
een 
1a 
) 6.79 
hy 4 
1 0 
3 17.40 
2 
1 


verage body weights of the fifteen 


non-breeding females and of the nine breeding females and litters are found in 


Table 1. 


\ similar experiment was set | 


} 
i 


p on a desert species of Pe romyscus, 
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but no young were produced, hence the comparative aspect of the problem 
was lost. 

Since the day of parturition is used as the reference point and since the mice 
were not weighed every day, it was necessary to interpolate weights from the 
individual weight curves in order to plot an average curve for all breeding females 
and litters. The weight curves were quite regular and no serious error should 
result from such a procedure. 

Fifteen days before parturition the pregnant females and controls drank 
about the same amounts of water. During the last ten days of pregnancy the 
breeding mice drank about 1 ec. of water more than the controls. A slight de- 
crease in water consumption of the breeding females was noted just before and 
after birth of the young. After parturition the breeding females drank increasingly 


} 


greater amounts of water until the young were weaned. Fourteen days after 
parturition the breeding mice drank an average of 3.04 cc. of water daily more 
than did the controls. Twenty-two days after birth, young and mothers drank 
an average of 7.29 cc., 4.47 ec. more than the controls, which drank an average 


of 2.82 ec. daily 


The stead) nerease in body weight of breeding mice until the young were 
born proved to be a good method of establishing pregnancy. At parturition 


mothers decreased in body weight an average of 7.1 grams, while the averag¢ 


weight of litters less than twenty-four hours old was 7.2 grams. All of the young 
mice had nursed before being weighe 1. Very little increase in weight is noted 


igh 
the first day after parturition, but for the next fourteen days the mothers’ 


weight increased gradually an average of 1.6 grams during the nursing per 


The average body weight of the experimental mice was about 2.4 grams high: 


just after parturition than at the beginning of the experiment. They were still 


1.3 grams heavie twenty-two days after parturition Non-breeding females 
gained 0.6 grams during this same period 

Discussion.—In the progress of evolutionary adaptation to the habitat physi 
logical requirements of mice must have changed along with morphological 
traits. Very little free water is found within the home ranges of many sma 
mammals. Most of the wate required is obtained from that in the food plus 
that derived from food by metabolic processes. Certain forms can get along or 
air-dry food while others cannot (Lindeborg, 1948). Mice requiring water must 
certainly have a difficult time during periods of extended drought particularly 
it should be concomitant with the breeding season 

During the last half of pregnancy bairdii require about 1 cc. of water daily 
more than do non-breeding females (Fig. 1). After parturition the water r 
quirements of nursing females increase with the increase in combined weight 
of mothers and young. The mothers must furnish all water required by the 
young until their eyes open and they begin to fend for themselves. After parturi 
tion the mothers’ weight increases probably are correlated, in part at least, with 
an increased size of the mammary glands. This is reflected in the weight curve 
of the mothers (Fig. 1). The eyes of the young open at about fourteen days and 
the mothers weight decreases thereafter. 

Breeding female bairdii require, in the later days of pregnancy, thirty-six 
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per cent more water than do non-breeding females; fourteen days after they 

require 111 per cent more; and at weaning time 158 per cent more water. 
Rearing young under conditions of water deficiency would be difficult or im- 

possible for these rodents. The breeding period must be presumed usually to 


r succulent 
food. Blair (1940a) found a lull in the breeding period of bairdii during mid- 


coincide with periods of the availability of adequate free water « 


summer when temperatures are high and rainfall is low. Vegetation commonly 
dries up within the ranges of these mice during July and August. The most 
active breeding seasons are in spring and fall. He found a similar trend in 


ee ee ee ee eee ee 
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Mean water consumption and mear l ights of non-breeding and breeding 
i l ung of Peromyscus ma tus baird he parturition date is used as the 
g th n le, and plo es. before and after the birt] 
h ng 
Microtus (1940b). Burt (1940) found a midsummer lull in the breeding activi 
ties of P / noveborace nsis. 
Summary.—Water consumption and body weights of twenty-four Peromyscus 


maniculatus bairdit were measured. Nine of these produced litters and the re 
maining fifteen constituted the controls 

Increase in body weight proved a good means of establishing pregnancy. 

Female bairdii used increasing amounts of water during pregnancy. One day 
before parturition 1.0 cc. or 36 per cent more water was consumed by the breed- 
ing mice than by the non-breeding mice; fourteen days after parturition the 
mothers drank 3.04 cc. or 111 per cent more than the controls; and twenty-two 
days after parturition 4.47 cc. or 158 per cent more. 

In arid habitats or in times of water deficiency, breeding females may be 
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affected more by the lack of water than would the males or non-breeding females. 
A critical season is suggested as an adaptation whereby the breeding season and 


ideal moisture conditions in the habitat coincide. 
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{ itrichola lap: glasgowi, Atricholac lap meqaventralis 


les raticeps; and four mites 


und Liponyssus bacoti, and Eula laps stabularis (Table 2 
The most abundant ectoparasite taken has been the flea. Pulex irritans. 
One fox tail was found to be harboring 185 these fleas and another 150. A 
nn TABLI Monthly totals of foxes examined f 7 ‘om November 1947 through April 
q ; 
i MB { NUMBER MBER 
Mi ul XAM ED )SITI 


P . 1 P ( : ru = 
Ot 354 Puli ‘TUUalT was taken from Ss¥J intested fox tals Chis is by far 
i J i 


ild carnivorous animals in the southwest. Eads 


ommon flea on w 


most 
Jour. Mamm., 29: 268-271, 1948) found 90 Texas coyotes to be infested with 
I 22. rritans pel animal and no effort was made to recover 


Randolph and Eads 


lad every flea from the animals. In Lavaca County, Texas, 








80 JOURNAL OF MAMMALOGY Vol. 31, No. 1 


(Ann. Ent. Soc. Amer., 39: 597-601, 1946) found this species abundant on the 

gray fox, red wolf, domestic dog, opossum, raccoon, and striped skunk. 
Other Texas State Department of Health host records for Pulex irritans are: 

ringtailed cat, bobcat, badger, spotted ground squirrel (Citellus spilosoma 


prairie dog (Cynomys ludovicianus), kangaroo rat (Dipodomys ordii), wood rat 


(Neotoma micropus), grasshopper mouse (Onychomys leucogaster), domestic rats 
(Rattu: egicus and R. rattus), cottontail (Sylvilagus audubonii), domestic 
cow, horse, human, and youn. poultry. 

A single specimen of Hoplopsyllus affinis (rabbit flea) was the only other 
species of flea taken. Since this flea readily leaves a dead host, it is not surpising 
that it has not been encountered in larger numbers 


The most important arthropods taken of concern in the transmission of human 
diseases are undoubtedly the ticks. The lone star tick, {mbl jomma anu ricanum, 


has been the most frequently recovered. A total of 314 was taken from 48 infested 


x tails r-nine live A. americanum were removed from one tail and 40 
from another In Texas this tick is belie ved to be the chief vector of spotted 


fever, ‘‘Bullis fever,” and tularemia, and has been found naturally infected 


Ticks of the genus /xodes have been rather commonly seen, but usually only 


one or two are found on an infested fox tail. Six Ixodes teranus have been taken 
from five tails, one / apularis and two I. cookei from two tails, and five J. sp 
probably kingi as determined by Kohls) from two tail 


Tw ) Specimens Ol the 1OxX louse, Tr chodect q tadratice Ps, were taken from 
single fox tail. Four species of parasitic mites have been taken. Forty-tw 
specimens of Atrichola laps glasgowt have been removed from four infested f 


tails. This common mite parasitizes a wide variety of hosts. Texas State Di 


partment of Health host records are: pocket gopher, tree squirrel, ground 
squirrel, prairie dog, D ket mouse, cotton rat yood rat, domesti rat, grass 
hopper mouse, kangaroo rat, and cottontail. Single specimens of the rodent 
mites Liponyssus bacoti and Eulaelaps stabularis have been taken. Two Atv 

cholaelaps megaventralis, also a rodent parasite, were removed from a single 


fox tail 


It is interesting to compare the species of ectoparasites obtained from exami 


ing only the fox tails with those taken from sixteen whole foxes by Randolp! 
and Eads (loc. cit.) in Lavaca County, Texas. These investigators took the 
following species: fleas Pulex irritan : Rhopalops ll 48 COI, Hoplopsyllus affin 
Orchopeas howardii (squirrel flea), Cediopsylla simplex (rabbit flea), Echidnophaga 
gallinacea (chicken flea); ticks—Amblyomma americanum, Dermacentor variabil 
and Ixodes scapularis. 

Acknowledge ment.—The Ixodes ticks were identified by Dr. Glen M. Kohls, 
Rocky Mountain Laboratory, U. 8. Public Health Service 


Sureau of Laboratories, State De partment of Health, Austin, Texas. Received May 31, 1949 
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DISTRIBUTION AND BIBLIOGRAPHY OF THE MAMMALS OF 
SOUTH CAROLINA 


By J. T. PENNEY 


Historical accounts of the mammals of South Carolina may be readily divided 
into those of a purely scientific nature and those more or less incidental to other 
historical accounts. The latter are valuable in that they present a picture of 


the abundance of individuals of various species existing during pioneer days 





and of others that are extinct in this regior day 

Among the early reports of voyages to this area are many containing interest- 
ng stories of the local fauna. William Hil 1664, p. 44), writing of the Port 
Royal region, states Che Count nd h Grapes, large Figs, and Peaches, 


ighteen years later T. A. Gent (supposedly 


Thomas Ashe) reports the presence of ‘Deer, of which there is such infinite 
he lr. A. Ger 1682, |} o [he great number of animals present 
ls le ent pamue W ls n (1682, p. 28): The Woods abound 

hH Ss rels, R ns, Possums, Coneys and Deere ” John Lawson 
1718, p. 9), Surveyor-General of North Carolina, gave an account of his travels 
Charleston into North Carolina. While on Bull’s Island, his Indian guides 

nore Dee : eR ns, all very lean 


KT} ‘ 1 


Raccoo While o1 ( liz e Congaree section his ‘‘Indian 


: l t t I 1 Sav 
Glen (1761. p. 250) in “A Description of South Carolina” states: “The Wild 
} { hich the wv ls South ( l P nd for game, are 


R ta Foxes. and Raccoor Possums. Squirrels, Wild Cats, Deer, Elks, 


Buf Bears, ‘Tygers Hewitt (1779, p. 79) in his historical account of 
Q 1 , nd Georg eave S native of Carolina 

H 1 tl ) 0S T KH wild 

17 ! T Sou T Is I (y i 

W bartral 1791 é el els t} ugt nis rea 

rgely } e fl | ( lis erences to mammals 

hn Drayton (1802 n \ Vi ) { \ roln sts the mammals 

» have existed up to that time. He even included the bones of the long 


mammoth. David Ramsay’s History of South Carolina covers the period 


1670 t LSOS. A por 1 of tl t ed to Natural I istory, dealing, 
mong other subjects, with climate, storms, natural phenomena and a brief 
ord of mammals. “Of the aboriginal animals in S$ uth Carolina, the following 


remain: Bear, panther, wild cat, wolf, beaver, gray fox, red deer, otter, wild 
mouse, black squirrel, gray squirrel, flying squirrel, ground squirrel, rabbit, 

pole cat, mole, mink, opossum, raccoon ” (Ramsay 1809, p. 185 
In 1826 Robert Mills published his “Statistics of South Carolina.’’ His list of 
mammals is similar to that of Ramsay, but he adds the buffalo, catamount, 


red fox, moose (elk), red squirrel, weasel, and muskrat. He records the beaver, 
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buffalo and catamount as extinct. The panthers or “tygers’’ present were evi- 
dently quite large: “One of these panth« rs killed ata plantation on Wambow 
Swamp in 1796, measured as follows (Mills, 1826, p. 100 


From the nose to the tail 8 ft. 6 inches 
Length of tail 2 ft. 8 inches 
Height 3 ft. 0 inches” 


Refer ing » the buf ( Mills states | I V¢ 1750 vhen the firs settl 
ment was made (Laurens), the buffaloes were so numerous that it was not un- 
common for three or four met th dogs to kill from ten to twenty a day; thes« 

nimals ha entirel lsapp red bid. p. BOS 

N | histo1 termingled in lable fashion by J. H. Logan 

1859) in h H i] ~t the Upper Cour South Carolin This bo 
reveals the history of t upp yunti early settlements until 1858 
relere ( to mamn Ss n j yu 

In the cane brake nd on the extensive prairie ridges, the early pioneers 
und hunters found large herds of buffaloes and elks; while in the higher woodland 
country deer abound st numbers I n, 1859, p. 6 

At the earliest period of emigration iz the upper count! in old piones 
from Virginia often counted hundred buffaloes grazing on single re 
groul 1 the present territor Al lle Edgefield rhe é 
the first, of all the original game of upper Caroli except the elk, to disay 
pe l { Dee Pp} 15 16 

Logal rites th buffalo were s plenti in 1760, bu ry scar 
the beginning of the Revo n. The exact date of their disappearance is not 
on ret l 

‘De ere so nul this period, in the upper countr I large 
herds f them vere scarce] é yl or sig he plone even vi ie standing 
in his cabin-do Che vere more numerous than hares re t presen vhile 
panthers es, bears, ¢ moun nd wild s prowled in incredible numbers 
in the swam} id tl ets, 1 ng night hideous with their cries bid., p. 22 

According to Logan, elk disappeared with the last of the early English hunters 

I eave re probably « I bef the ¢ he eighteenth centu 

| s th ( 1797 tl old John Ravel nd Captain John Sande 
killed last pantl Long-Cane Cr l., p. 5 

The first truly scientific work relating to mammals, among other animals 
was that ol Mark Catesby This work Was ¢ xceptionally vell, but occasion ully 
incorrectly, illustrated. He described all of the mammals then known to exist 
in the colonies but gave particular reference to those of ‘‘Carolina”’ in only 


few instances. Since Catesby did not enter North Carolina, his ‘‘Carolina 

refers to South Carolina only. ‘“The wolves in Carolina are very numerous, and 
more destructive than any other animal. They go in droves DY night, and hunt 
deer like hounds, with dismal yelling cries.’’ (Catesby, 1754, p. 26 


Lewis R. Gibbes (1848), a scientist of varied interests, recorded a nominal 


list of the mammals in the Appendix to Tuomey’s ‘‘Geology of South Carolina 
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R ences to the mammalian faur re also given by W. I. Burnet 1851 
n a paper on the fauna of Upper South Carolina 
The Reverend John Bachman of C lest described a nev species of 
1837 1 publisl monograph o1 North American species of th 
or So 1837 He laborate Audubon in the production of thé 
las \ parous Qt lrupe f N h Am« Audubor nd Bachman 
345-1848), 1 nd edit entitled “The Quadrupeds ot 
\ \ Aud nd Bacl 854). Many of the descriptions 
( s ipon South Carolin ( 
F. W. True (1883) of the United S nal Museum prepared 
ok. This lis nt irnished by Dr. G. E. Manigaul 
t Ul ston Mus I t! ecies nd tl sper es ky wl 
} } wth ( y na 
R3 — =’ lair Dal 1916, no report f note I 
5 ( man ) Sil hat time number of papers 
Ky. Bf erlain, A Picker 1.L.N KE. W. Nel EK. A. Goldmat 
| Sherman, and R. H. Coleman hav | interest in this field. Al 
Ie \ nes estig rs f ) l I 1 og ipl 
E. W. Nelson and E. A. Goldman (1931 ew variet} ecoon. E. A 
Gold I 1940) added thr nite led deer All f thes 
( ere confined to coast slaz 
he! St n those non I ne mammals of definite record 
Che scient name is foll I more common names. The 
ty] call give! ns Ual lh s followed by the counti 
hich the parti pecies | ported I bibliographical 
ni the authe wr the repo ( doubt that some references 
I ed despit ver) reful sé the lteratur 
[ am greatly indebted to Professor R. H. ( n of the College of Charleston 
i ewing and criticizing this pape! 
ACCOTl ~ ( ES 
Didelphis virginiana virginiana Ker O}; u On record from: Greater part of 
South Carolina (Hamilt 4 Upper § i Burne 188 Pickens )28 
Didelphis virginiana pigra | g O O om: Beau Alle J. A 
( nberlain, 1928); Hamilton, 19 ( H ton, 194 
Scalopus aquaticus aquaticus (1 On record n: ( nville 
194] 
Scalopus aquaticus howelli Jacks Pr e.—On record from: All of South 
Carolina (Hamilton, 1943); Beaufort, Berkeley, ¢ eston, Darlington, Georgetown, York 
Ja 1915); Upper South Carolir Burt 851; Miller, 1924; Pickens, 1928 
Condylura cristata (Linnaeu Star-1 On record fror Upper Sout 
Car Burnett, 1851 
Sorex fumeus fumeus Miller. Smo hre On recé Coleman 
1O48 
Sorex longirostris longirostris Bachmaz Bachman’s Hume 
Plantation, Swamps of the Santee River, South Carolina L895b ; 
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Miller, 1924); On record from: All of South Carolina (Hamilton, 1943); Charleston (Cole- 
man, 1940a); Santee Swamp, Colleton District (Bachman, 1837b). 

Cryptotis parva parva (Say). Least shrew.—On record from: All of South Carolina 
(Hamilton, 1943); Charleston (Bachman, 1837b; Chamberlain, B. R., 1916; Chamberlain, 
E. B., 1929); Greenville (Pickens, 1928); Oconee (Sherman, 1937 

Blarina brevicauda carolinensis (Bachman). Short-tailed shrew.—Type locality: East- 
ern South Carolina (Merriam, 1895a; Miller, 1924); On record from: Abbeville (Bachman, 
1837b; Pickens, 1928); All of South Carolina (Hamilton, 1943); Georgetown (Merriam, 
1895a); Greenville (Pickens, 1928); Richland, Williamsburg (Merriam, 1895a); Upper South 
Carolina (Burnett, 1851 

Myotis lucifugus lucifugus (LeConte Little brown bat.—On record from. All of 
South Carolina (Hamilton, 1943); Beaufort (Allen, H., 1893; Miller, 1897; Miller and Allen, 
1928); Upper South Carolina (Burnett, 1851; Pickens, 1928). 

Myotis sodalis Miller and Allen. Indiana bat, social bat, pink bat.—On record from 
Upper western tip of South Carolina (Hamilton, 1943 

Myotis keenii septentrionalis (Trouessart Keen’s bat, Trouessart’s bat, eastern 
long-eared brown bat.—On record from: Northern South Carolina (Hamilton, 1943 
South Carolina (Miller and Allen, 1928 

Lasionycteris noctivagans (LeConte Silver-haired bat.—On record from: Most of 
South Carolina (Hamilton, 1943 

Pipistrellus subflavus subflavus (I. Cuvier Pipistrelle —On record from: All of South 


Carolina (Hamilton, 1943); Upper South Carolina (Pickens, 1928 


Eptesicus fuscus fuscus (Peale and Beauvoi Big brown bat.—On record from: All of 
South Carolina (Hamilton, 1943); Upper South Carolina (Pickens, 1928 
Lasiurus borealis borealis (Miiller Red bat.—On record from: All of South Carolina 


Hamilton, 1943): Charleston (Miller. 1897 Upper South Carolina (Burnett, 1851; Pickens, 
1928 
Lasiurus seminolus (Rhoads Seminole bat.—On record from: Charleston (Miller 


1897); Southeastern corner of South Carolina (Hamilton, 1943 





Lasiurus cinereus (Beauvois Hoary bs On record from: All of South Carolina 
(Hamilton, 1943 

Dasypterus floridanus Miller. Yellow bat.—On record from: Charleston (Coleman, 
19406, 1948; Hamilton, 1943 


Nycticeius humeralis (Rafinesque Evening bat.—On record from: Charleston (Cole 
man, 19406); Slightly below Fall Line to western end of State (Hamilton, 1943 

Corynorhinus macrotis (LeConte Big-eared bat.—On record from: All of South 
Carolina (Hamilton, 1943 Beaufort (Miller, 1897): Darlington (Allen, H., 1893 

Tadarida cynocephala (LeConte Free-tailed bat.—On record from: From Richland 


to southeastern corner of state (Hamilton, 1943); Richland (Shammel, 1931 

Ursus americanus americanus (Pallas Black bear.—On record from: Western tip 
of South Carolina (Hamilton, 1943); Upper South Carolina as strays from North Carolina 
Pickens, 1928 

Procyon lotor lotor (Linnaeus taccoon.—On record from: Uy 


(Burnett, 1851; Pickens, 1928 


Y 


per South Carolina 


Procyon lotor litoreus Nelson and Goldman. Raccoon.—On record from: Eddings and 
St. Helena Islands (Hamilton, 1943, Nelson and Goldman, 1930 

Procyon lotor solutus Nelson and Goldman taccoon.—Type locality: Hilton Head 
Island, Beaufort County (Nelson and Goldman, 1930; Poole and Schantz, 1942); On record 
from: Beaufort (Hamilton, 1943; Nelson and Goldman, 1930 


Mustela frenata noveboracensis (Emmons Long-tailed weasel.—On record from: 
Oconee (Sherman, 1937); Upper South Carolina (Burnett, 1851). The reference of Burnett 
possibly refers to the next subspecies. (Suggested by R. H. Coleman 


Mustela frenata olivacea Howell. Long-tailed weasel.—On record from: Just above 
Fall Line to southern end of state (Hamilton, 1943 
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e- Mustela vison mink (Peale and Beauvois). Mink.—On record from: Greater part of 

State (Hamilton, 1943); Upper South Carolina (Pickens, 1928); South Carolina (Burnett, 
na 851 The reference of Burnett may refer to the next subspecies. (Suggested by R. H 
n, { Neman 

Mustela vison lutensis (Bangs Mink.—On record from: Beaufort, Charleston (Hol 

+. ter, 1913); salt marshes of South Carolina (Hamilton, 1943). 
n. Lutra canadensis lataxina (F. Cuvier). Otter.—Type locality: South Carolina (Miller 
n. 124). On record from: Anderson (Sherman, 1937); Northeastern coastal area (Hamilton, 
th 13); Upper South Carolina (Pickens, 1928 


Spilogale putorius (Linnaeus Spotted skunk.—Type locality: South Carolina (Miller, 
of 24). On record from: Upper South Carolina (Burnett, 1851; Pickens, 1928); Western 


n of state (Hamilton, 1943) 
Mephitis mephitis elongata Bangs. Striped skunk.—On record from: All of Sout! 
Hamilton, 1943); Southern South Carolina (Bangs, 1896b); Upper South Carolina 
ickens, 1928 
rr Vulpes fulva (Desmarest Red fox.—On record from: Western South Carolina (Hami 
Upper South Carolina (Pickens, 1928 
Urocyon cinereoargenteus cinereoargenteus (Schrebe1 Gray fox.—On record fron 
of orthern border of state (Hamilton, 1943); Upper South Carolina (Pickens, 1928 
Lynx refes rufus (Schreber 3obecat.—On record from: Upper South Carolina (Burnet 
-h 85 Pickens, 1928 
Lynx rufus floridanus (Rafinesque Bobcat.—On record from: Beaufort, Charlestor 
of Hamilton, 1943 
Marmota monax monax (Linnaeus). Woodchuck.—On record from: Greenville (Picken 
’ 2s Mountains of the state (Hamilton, 1943): Oconee (Sherman, 1937 
g, Tamias striatus striatus (Linnaeus Eastern chipmunk.—Type locality: Upper Savan 
River, South Carolina (Howell, 1929 On record from: Anderson (Sherman, 1937); 
Merriam, 1886. Refers to a skin in Charleston Museum. No locality given 
e (Howell, 1929); Oconee (Sherman, 1937); Western corner of state (Hamilton 
Upper South Carolina (Pickens, 1928); South C arolina (Merriam, 1886 
Tamiasciurus hudsonicus abieticola Howell. Red squirrel—On record from: Ocon 
Sherman, 1937 
Sciurus carolinensis carolinensis Gmelin. Gray squirrel.—Type locality ‘‘Carolina 
924). On record from: All of South Carolina (Hamilton, 1943); Charleston, Ric} 
Coues and Allen, 1877); Upper South Carolina (Burnett, 1851; Pickens, 1928 
| Sciurus niger niger Linnaeus. Fox pe tag Type locality: Probably southern South 
Miller, 1924). On record from: Georgetown (Howell, 1919); Greater part of Soutt 
Hamilton, 1943 
Sciurus niger rufiventer (Geoffroy Fox-squirrel.—On record from: ‘‘Introduced o1 
é nd Capers Islands, Charleston County, several years ago by Coulter D. Huyler 
reasing on Dewees Island to the point of becoming a nuisance, it has disappeared 
he adjoining Capers Island.’’ Quoted from South Carolina Mammals by = B. Cham 
12 ( I read before the 8. C. Academy of Science at Greenwood, November 20, 1936 
Glaucomys volans saturatus Howell. Southern flying squirrel.—On record from: Abbe 
id e, Edgefield, Georgetown, Greenville, Orangeburg (Howell, 1918); Greater part of South 
Hamilton, 1943); Upper South Carolina (Burnett, 1851; Pickens , 1928 
id Reithrodontomys humulis humulis (Audubon and Bachman Kastern harvest mouse 
1 ype localit Charleston, South Carolina (Howell, 1914; Miller, 1923). On record from 
Abbeville (Hooper, 1943; Pickens, 1928); Charleston (Hooper, 1943); Darlington (Coues 
L: ind Allen, 1877); Georgetown (Howell, 1914); Greater part of South Carolina (Hamilton, 





1943); Greenwood (Pickens, 1928 

Peromyscus polionotus polionotus Wagner. Oldfield mouse.—On record from: Abbe 
re ille, Calhoun, Greenville (Coleman, 1939); Allendale (Coleman, 1948); Southern portion 
state, except coast (Hamilton, 1943). 
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Peromyscus leucopus leucopus (Rafinesque). White-footed mouse.—On record from 
lle (Osgood, 1909); Piedmont Region (Hamilton, 1943); York (Osgood, 1909 
White-footed mouse.—On record 


Peromyscus leucopus noveboracensis (Fischer 


Mic thern border of state (Hamilton, 1943 

Peromyscus gossypinus gossypinus (LeConte Cotton mouse.—On record from 
Coastal Plai Hamilte 1943); Darlington (Coues and Allen, 1877); Georgetown, Ricl 

na Osgr 

Peromyscus nuttalli nuttalli (Harlan Golden mouse.—On record from: | 
northe I ( n |} e (Osgood, 190 

Peromyscus nuttalli aureolt Audubon 1 Bachmar ( le 1st I 

] he « of ( ] Wille 1924: Osg 909). O ecord y A 
beville (Osgood, 1909); All of Sou Carolina except northwest portio Hamilton, 194 
Charleston (Coues and Allen, 1877; Osgood, 1909); Darlington (Coue nd Allen, 187 
Greenwor Picke 1927, 1928); Richland (Osgood, 1909 

Oryzomys palustris palustris (Harlar Rice rat.—On record from: Abbeville (G 
man, 1918 All of South Caroli except northern portio1 Hamilton, 1943 Be 
Goldman, 1918); Darlingtor oues and Allen, 1877; Goldm 1918 reorgetown, Pic 
St. Helena’s Island (Goldman, 1918); Greenville (Coleman, 1948 

Sigmodon hispidus hispidus Say and Ord. Cotton 1 Or ord from: All of § 
Carolina (Hamilton, 1943); Greenville (Pickens, 1928); South Carolina (Coues and Al 
1877 


Neotoma floridana floridana (Or; Wood ra On record fr Charleston (( 
lain, E. B., 19284 f 
Hamilton, 1943 South Carolir Cour ind Aller 187 
Neotoma floridana haematoreia (Howe Wi t—O 


{ ro 


Beauf Goldmar 10 Southeastert ri f South ( 


irolina (Picke 1928). Burnett (1851) reported tl peci 
and Pickens (1928) as Neotoma pennsylvanica. I refer both of tl o the above spec 


the authority of R. H. Coleman 





Microtus pennsylvanicus pennsylvanicus (Ord Mead On record f 
Kastern half of state (Hamilton, 1943); Charleston (Nelson, A. I 1934, 1937 

Pitymys pinetorum pinetorum (LeConte Pin e.—Or! 1 from: Al S 
Carolina (Hamilton, 1943); Beaufort (Baile 1900); Darlington (Bailey 1900: ¢ 
\llen, 1877); Georgetown (Bailey, 1900); Upper South Caroli: Pickens, 1928 

Ondatra zibethica zibethica (Linnaeus Muskrat.—On rec« Greenville (Hi 
ter, 191] Picker 1928 Oconee (Sherman, 1937 Wester! | ; 

Rattus rattus rattus (Linnaeu Black rat.—On record from: Uppe { 
(Pickens, 1928 

Rattus rattus alexandrinus (Geoffro Roof rat.—On re ~ ( 


(Hamilton, 1943 

Rattus norvegicus (Berkenhout Norway rat.—On record fro Upper South ¢ 
Pickens, 1928 

Mus musculus musculus Linnaeu House mouse.—On record fror Upper 5 
Carolina (Burnett, 1851; Pickens, 1928 

Zapus hudsonius americanus (Barton Meadow jumping mouse.—On record f: 


Coleman, 19415): Northwestern tip of stat Hami 





Greenvill 





man, 1937); Pickens (Coleman, 1948 
Napaeozapus insignis roanensis (Preble Woodland jumping mouse.—On reco! 
Greenville (Coleman, 1940c, 1948 
Sylvilagus floridanus mallurus (Thomas Cottontail.—On record from: Aiken, Beau 
fort (Nelson, E. W., 1909); All of South Carolina (Hamilton, 1943); Darlington (Coues ar 
Allen, 1877; Nelson, kX. W., 1909); Georgetown (Miller, 1924); Upper South Carolina (Bur 
nett, 1851: Pickens, 1928 
Marsh rabbit 


Sylvilagus palustris palustris (Bachman Type locality Eastern Sout! 


Carolina (Miller, 1924). On record from: Beaufort (Nelson, E. W., 1909); Charleston (Tom 











35): Coastal 
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- Colleton (Bac Darlington 
‘oues and Allen, 1877, Nelson, E. W.. 1909 
Sylvilagus aquaticus aquaticus Bachman. Swamy, it ym: Extreme 
estern South Carolina’? (Hamilton, 1943 


Odocoileus virginia 


of South C 


nus virginianus (Bod t Vhi 


i White record from 
i ina (Hamilton, 1943); Colleton, Georget Allen, 1922 
pper South Carolina (Pickens, 1928 

Odocoileus virginianus hiltonensis Gold 








mar I Kellogg dee ry pt 
Hilton He Island, Beaufort Count S. C. (Poole ar 2). On recor 
Beaufort (Gold n, 1940: Hamilt« 94 
Odocoileus virginianus taurinsulae Goldman and Kellogg. White-tailed de Type 
it Bull Island. Charleston Count S ¢ Poole Sehar 1942). On record from 
n (( m 104 Hamilton. 1942 
Odocoileu Gold nd I White-t 1 dee Typ 
Flay ’ mnt ~ ‘ Y | ‘ Q 1049 
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NOTICE OF ANNUAL MEETING 


The Thirtieth Annual Meeting of the American Society of Mammalogists 


will be held at Mammoth Hot Springs, Yellowstone Park Headquarters, in 
Yellowstone National Park, from June 25 to June 28, 1950. Sessions will be held 
at the government canteen building unless circumstances are such that it seems 


more desirable to transfer to the Yellowstone Park Company recreation hall. 


Accommodations for room and board are as follows, according to rates for 
1949: 


Mammoth Hotel—room without bath: 
| person 


2 persons in room 


Mammoth Hotel room with bath: 
| person in room $6 or $7. 


2 persons in room $9.50 or $10.50 


Mammoth Hot Springs Hotel Cottages—with hot & cold water: 
| person in a room $2.75 per person 
2 persons in a room $2.00 per person 
Rooms with twin beds come slightly higher. Cottages with twin beds, 
showers, lavatories, and toilets: 
| person $5.00 per person 
2 persons $3.75 per person 
Tourist cabin lodgings vary from $1.25 per person to three room cabins 
accommodating four persons for $4. Those using the tourist cabins usually pro- 


vide their own bedding and often cook in the cabins 


Meals can be obtained at the hotel dining room, at the hotel grill, at the 
Pryor’s Coffee Shop, and at the Mammoth cafeteria. The cost of meals will be 
dependent upon the selection of items made by the individual from the menu; 


good food can be obtained at a nominal cost. 


An interesting program, with emphasis on field trips, is in store. The local 


committee on arrangements is as follows: 


Victor H. Cahalane, Chairman Paul D. Dalke 

Lowell Adams Stephen D. Durrant 

David de L. Condon Reed W. Fautin 

Jan McT. Cowan William L. Jellison 
Philip L. Wright 

















